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FOREWORD 

This report collects the primary results from a Workshop on Solar- 

Terrestrial  Studies from a Manned Space Station held February 14-16, 1977, 

at the Utah State University, Logan, Utah. The Workshop examined the utility 

of coordinated instrument ensembles having a scale and complexity not 

accommodated practically on automated spacecraft. The appropriate duration 

for operation of these ensembles is long in order to address the difficult but 

vitally important questions concerning the mechanisms of solar infiuence on 

the environment in which man lives. 

The initial concepts from which the Workshop began its deliberations 

a r e  embodied in the NASA document, "The Solar-Terrestrial Observatory as 

a Major Module of a Space Station: An Advocacy Document, 

Marshall Space Flight Center, September I, 1976 (see Appendix C ) .  More 

broadly, the problems to be addressed are highlighted in the NASA Outlook 

for  Space. 

George C. 

The specific purpose of the Workshop was to bring together specialists 

in the areas of solar physics, atmospheric physics, magnetospheric physics, 

and Sun-weather relationships in order to stimulate interdisciplinary discussions 

about the intertwined cause and effect relationships within the Sun-Earth 

system. Further,  these discussions were expected to expose typical instru- 

1 

mentation requirements fo r  exploring and ultimately exploiting these relation- 

s hips. 
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It is hoped that this collection will propagate further development of 

more comprehensive, elaborate, and refined definition of the needs and 

uses for a Solar-Terrestrial Observatory in such a manner as to make it a 

significant factor in the proper management and use of the Earth's limited 

resources. 

The Workshop was organized by Drs .  Donald J. Williams (Chairman) 

of the Space Environment Laboratory, NOAA, and Charles R .  Chappell of 

the Space Sciences Laboratory. Marshall Space Flight Center, NASA. 

Professors Andrew F. Nagy and Peter M. Banks, Physics Department, 

Utah State University, were hosts. 
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INTRODUCTION 

The field of solar-terrestrial physics is not new; the early part of 

this century saw the pioneering work of Birkeland and Stb'rmer on aurorae 

and of Lindeman, Chapman, Bartels, and others on geomagnetic storms. In 

more recent years,  possible solar-weather relationships have been reinvesti- 

gated, and there seems to be a growing, albeit far from unanimous, feeling 

that climatic trends as well 3s shorter term weather changes may be better 

understood through coordinated studies of the terrestrial  environment as  

influenced by the Sun. 

This environment extends from the dense troposphere at sea level 

through the tenuous magnetosphere reaching a hundred thousand kilometers 

into space. The study of the coupling between components of the solar- 

terrestrial  system may lead ultimately to an understanding upon which to base 

decisions that men must make concerning interactions with their environment. 

This study can also lay the foundation for the long-term prediction of environ- 

mental changes which can have significant economic and social benefits. 

The advanced state rf our technology has placed us in a position from 

which the study of the solar-terrestrial environment can be undertaken in an 

ever more comprehensive manner. Beginning with Skylab, scientists were 

able to carry out coordinated, multi-instrument observations of the Sun, with 

the on-board scientist-astronaut able to key the observations to transient 

solar events. Working with a ground-based science team, the astronauts were 



able to identify and conduct detailed studies of solar phenomena that were 

previously unrecognized. The fruits of the Skylab mission are still being 

harvested as new knowledge continues to flow from the data taken during the 

missions. 

The capabilities developed in Skylab will be broadened in the Space 

Shuttle era. Manned operation of experiments will continue and will be 

enhanced by the reusability of instruments. The sortie mode of Shuttle 

operation will allow the serial development of even more powerful instrument 

techniques which can be combined in different configurations and reflown on 

subsequent Shuttle missions. Skylab has given us the experience of manned 

observation tailored to specific transient events, an ingredient which is 

necessary to tackle the complex solar-terrestrial system. Shuttle and Spacelab 

will give us an inventory of advanced flight-proven instrumentation which can 

be directly applied to the long-duration observation of the Sun-Earth environment. 

Having as background the Skylab experience and a knowledge of the 

instrument developments being planned for the Shuttle era ,  a group of scientists 

in the disciplines of solar physics, magnetospheric physics, atmospheric 

physics, and Sun-weather relationships assembled at Utah State University in 

February 1977 to discuss the potential for coordinated solar-terrestrial 

observations from one or more manned space stations. In these discussions, * 

the assembly of instruments and support equipment deployed for this purpose 

was termed the Solar-Terrestrial Observatory or  STO. Inevitably, such an 
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Observatory would be a n  crolving entity. It would be constituted f i r s t  in 

low Earth orbit (sometimes abbreviated as LEO). Eventually, to achieve 

its full potential, the STO would be repositioned o r  reconstituted in geosyn- 

chronous Earth orbit (GEO). Initially. the STO would operate in a fact-finding, 

research mode: ultimately i t  would provide observational data for  routine 

applications to the benefit of mankind. 

The agenda for the Workshop is  reproduccd in Appendix A. After a 

series of introductory and background discussions, the group resolved into 

four subgroups: Solar Physics, Magnetospheric Physics, Atmospheric Physics, 

and Sun-Weather Relationships (Appendix B) . These subgroups deliberated 

their respective aspects of the STO capability and then reported their 

conclusions for  cons ideration by thc full Workshop mcmbership. Throughout 

this process, a vigorous interaction between subgroups was maintained. 

The subgroup summaries, duly revised to reflect discussion by the full 

Workshop, are reproduced in subsequent sections of this document. 

The final section presents the collective conclusions of the Workshop, 

compiled from the discipline summaries and the remarks during the closing 

session, One overriding conclusion stands out: The synergistic interdisciplinary 

spiri t  achieved in the Workshop produced an initial concept of a Solar- 

Terrestrial Observatory promising capability surprisingly beyond that 

previously anticipated by the participants. Further refinement and development 

of the concept is certainly demanded. 
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SOLAR PHYSICS 

Background 

Solar physics investigations have evolved to a state such that information 

in wavelengths and with techniques only possible from space platforms is crucial I 

to the solution of most of the central problems in the discipline. In the recent 

past, observations from the OS0 satellite ser ies  and Skylab have played major 
P 

roles in the development of the field; and it is envisaged that the Solar Maximum 

Mission and Spacelab will likewise contribute substantially to future efforts. 

Advantages of an STO 

The Space Station will provide a unique opportunity for solar physics, 

for. it is only from such a platform that studies of the evolution of solar phenomena 

over long periods can be attempted. Then it will be possible to mount programs 

of monitoring long-term variations in the solar output and state and employ the 

major solar  facilities developed for  Spacelab in the study of changes in the Sun 

over periods in excess of the Spacelab mission (a  few weeks) duration. The 

Space Station offers unique capabilities for solar monitoring functions. I t  will 

be possible to include several experiments utilizing different techniques for 

solar constant, spectral irradiance, and cross-calibration purposes either on 

the station or a nearby tethered satellite (to avoid contamination problems) and 

to provide for absolute and relative calibration facilities on the Space Station 

itself. The correlation monitors will permit effective manned interface with the 

major solar instruments and with magnetospheric/atmospheric experiments 
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requiring specific solar copditions before initiation. Such monitors a r e  dis- 

cussed in this section. 

Program of Investigations 

The solar physics instruments for a space station can be divided into 

two general categories: solar situation monitors and major solar instruments. 

The former category includes: instruments to measure the solar output (e. g. , 

solar constant and solar spectral irradiance) ; correlation monitors providing 

on-board scientists with full-dis k, modest spatial resolution information for  the 

purposes of interplanetary and terrestrial  correlations, selection of solar regions 

for study by the major instruments, and pointing guides; and instruments providing 

correlative measurements (e. g. , cross  calibration with free-flying satellite 

experiments). The category of major instruments includes the more powerful 

state-of-the-art instruments designed with specific investigative tasks in mind. 

Such instrumentation may he applied to the solution of problems in solar physics 

whose relevance to specific solar-terrestrial problems is not entirely c lear  a t  

the time. These instruments will provide the major observational inputs to the 

fundamental study of the Sun itself. 

Solar experiments in the category of solar situation monitors include 

those which a re  of direct, fundamental relevance to the specification of the solar 

input to the terrestrial  environment; foremost in this a rea  a re  instruments to 

mcasurc the solar constant and the solar spectral irradiance. 

that the determination of the total solar flux with high accuracy over a long time 

It is now recognized 
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period - several solar cycles - is required to assess its influence on the terres- 

trial climate. Further, it is generally accepted that such measurements must have 

high accuracy (better than 0. I percent, o r  some five times better than that achieved 

before) if they are to serve as useful inputs to models of climatic variation. A t  

that level of accuracy, the variation of solar flux due to the presence of sunspots 

is measurable and must be considered. These accuracies will require continued 

calibration which can be carried out by the on-board science staff. Since the 

interaction of the solar flux with the terrestrial atmosphere is a sensitive function 

of wavelength and is a maximum in the ultraviolet, it is also necessary to measure 

the solar spectral irradiance. The precise specification of the accuracies and 

spectral resolutions required must await detailed study, but generally it is antici- 

i 

pated that the principal wavelength region of interest is that of 2000-3500 3 ,  where 

stratospheric photochemistry is  largely influenced; measurements of I to 2 percent 

accuracy are required in this spectral region. Shorter wavelengths, of importance 

higher in the atmosphere , require somewhat less  accuracy, approximately 10 

percent. Also, monitoring of the infrared solar flux to high accuracy may be imporfant. 

Another subcategory of measurements required includes instruments 

capable of monitoring the state of the solar disk. Included a r e  modest spatial 

resolution instruments (2-5 a r c  sec)  capable of specification of the solar state for 

(a) the terrestrial  input, (b) selection of areas of interest for more detailed study 

(e. g. , regions of emerging magnetic f lux) ,  and ( c )  determination of pointing 

requirements for the major solar instruments. These instruments will provide the 

real-time information upon which on-board scientists can base their tailored 
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observations of the coupled solar-terrestrial system. For  example, X-ray o r  

X W  images of the* solar &k iildr< provide knowledge of the presence of 

coronal holes in anticipation of relevant magnetospheric measurements days 

later, Observations of the solar disk with a tuneable visible light filter 

( H a ,  H 

permit selection of areas for intensive study o r  instrument pointing information. 

10830 8,  etc. ), with a magnetograph, o r  with an E W  monitor would e 

The X-ray and ultraviolet irstruments, together with a white light coronagraph, 

would allow determination of the global characteristics of the chromosphere, trans- 

ition region, and lower 

terrestrial results. Finally, this category of correlation monitors includes 

detectors of hard X-ray flux (5 500 keV), and possibly IO-cm wavelength flux, 

for the presence of impulshe solar events. 

and outer corona for later correlation with solar and 

There remains in thz category of solar monitors instruments capable 

of providing cross  calibration with free-flying satellites; for example, 

calibration of results from such satellites as Solrad-High and GOES over 

extended periods through the simultnneous observation of solar events from the 

Space Station and the free-fiyer. 

In the following, we  outline two general, yet directed, problems in 

solar physics which may be investigated from a space station in the period 

post- 1985. The problems discussed are not necessarily intended to represent 

the most important problcms of solar physics in that era; but, on the other hand, 

they represent questions 01 sufficicwt magnitude to be of substantial general 

interest in solar (and solar-terrestrial) physics at that time. It should be 
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noted that questions of central importance in other areas - the physics of 

solar flares, for example - will certainly be present in the era of the Space 

Station. However, because of the major observational effort to be directed 

toward understanding the flare problem during the Solar Maximum Mission 

and possibly its follow-on mission in the early 19801s, it is even more difficult 

to conjecture what specific problems will remain in flare physics than to 

predict the problems in the areas discussed in the following paragraphs. 

Creation and Evolution of Solar Magnetism. The Sun is  a magnetic 

variable star. In fact, the variability associated with solar magnetism is of 

dominant importance on Earth and throughout the solar system. The under- 

standing of this cyclical phenomenon is a profound intellectual challenge that 

has eluded mankind since the discovery of the sunspot cycle. I t  is only 

recently, however, that the immense practical importance of this knowledge 

has begun to be appreciated. 

The study of solar magnetism must encompass the emergence of new 

magnetic flux through the solar photosphere, the re-ordering of this flux into 

large-scale magnetic structures, and the extension of a portion of these 

magnetic fields into interplanetary space. 

The majority of the solar magnetic field emerges in the form of 

sub arc-second f lux  ropes. The study of the formation and evolution of these 

small elements requires extended observations of the highest quality. Magneto- 

graphic (all Stokes' parameters ) and velocity field measurements are required 
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at photospheric and chromospheric levels with a meter-class optical telescope 

with appropriate focal plane instrumentation. Observation of the extension of 

these fields to higher levels where the role of magnetic energy and thermal 

energy may be altered will require X W  and soft X-ray spectroheliographs 

with high spatial resolution. 

There is good reason to believe that strong electric current systems 

develop in the course of the emcrgcnce and development of the magnetic fields. 

The restructuring of the fields associated with the dissipation of these currents 

and the reconnection of the fields into states of lower potential energy is 

accompanied by solar flares and the other dynamic processes associated with 

the life cycle of solar active regions. There is little hope of ever being able to 

trace these processes on the basis of Earth-based observations. Unbroken 

sequences of diffraction-limited operation a r e  crucial, and concomitant 

observations a t  visible, X W ,  and soft X-ray wavelengths are absolutely 

necessary. 

A s  the magnetic field evolves over periods of days to weeks, we know that very 

large, ordered structures are formed. The present understanding of this 

process is inadequate. It is of utmost importance to achieve the best possible 

observational description of the coronal field topology as a function of time. 

This will require, in nddition to the instruments mentioned previously, a 

white light coronagxiph :ind a coronal emission line polarimeter. 

more challenging is  the task of measuring coronal field strengths. 

Technically 
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The fundameiital question of the nature of the solar cycle requires 

observational and theoretical study. Descriptive models based on flux diffusion 

under the influence of velocity fields, identified with chromospheric super- 

granulation cells, have been successful in reproducing some of the features 

of the solar cycle. However, improved observations of both the ordered and 

stochastic components of the velocity field with extended time sequences of 

the trajectory of individual magnetic flux elements in the photosphere, 

obtainable only from space-borne instruments, should shed considerable light 

on the subsurface convective forces which actually may drive this process. 

The instrumentation requirements a r e  clear and technically feasible and the 

observational requirements definite. Furthermore, the theoretical tools 

necessary to understand and be tested by the observations are under development. 

M a s s  Loss from the Sun. The great extent of the outer solar atmosphere, 

the corona, is a consequence of the high temperature of the gas. Furthermore, 

direct in situ observations have established that at the orbit of the Earth there 

is a continuous but strongly variable flow of plasma from the Sun- the solar wind. 

This mass  loss is of fundamental astrophysical interest, and the details of the 

interaction of the magnetized plasma with the Earth and its magnetosphere are 

of major scientific and practical interest. 

Progress to date toward an understanding of the origin, acceleration, 

and evolution of this mass flow has resulted from combined solar and inter- 

planetary observations coupled with theoretical modeling of the processes 
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involved. An adequate physical description has yet to be formulated, although 

a close relationship between the properties of this mass flow and solar 

magnetism is established. 

The desired fundamental understanding of the various aspects of this 

mass flow will require improved observations of the coronal mass and tempera- 

ture distributions and their evolution in time. Crucial observations of the 

outwardly moving mass in  the 10%. corona can be obtained through Doppler 

shift observations with sensitive X W  spectrometers. High spatial resolution 

white light and Lyman alpha coronagraphs can provide information on 

temperature and velocity of outer coronal material. It is further necessary to 

specify the coronal magnetic field geometry a s  well a s  conditions at the base 

of the corona through the USC of the optical and X-ray instruments mentioned 

earlier in the discussion of solar magnetism. 

At some level the physical state of the extended solar corona changes 

from domination by thermal and magnetic energy densities to domination by 

the momentum of the flow itsclf. Also, the importance of observed wave and 

transient effects on the flow a re  poorly understood. 

particle and field measurements will help to address these aspects of the 

problem. 

Both radio and in situ 

The assimilation of Ihc mnny previously mentioned observations into 

a comprehensivc thcorclictll dcscription is a reasonable goal. A key element 

to the success of this study would be the detailed and comprehensive coverage 



from a solar-terres trial observatory module on a permanent space station. 

Finally, there a r e  two other important aspects of the future space 

station to consider. The f i r s t  aspect concerns the use of man. Considerable 

expertise has been developed concerning the automation of sequences of 

observations, and by 1985 further experience in this field will have been 

acquired by a successful completion of the Solar Maximum Mission. Neverthe- 

less, we foresee that some of the monitor-type experiments and, to an even 

larger degree, most of the research-type experiments will not be executed 

with the required performance to solve the problem in question without the 

intervention of a trained observer in the Space Station. The painstaking 

calibration and measurement accuracy needed for the solar-irradiance deter- 

mination and the high pointing accuracy required for the small-scale 

magnetic-field observations a re  but two examples that indicate the necessity 

for manned intervention in well-planned observing sequences. With the 

sophisticated instrumentation we have proposed, other needs are highly likely 

to occur. These needs may include repair activities o r  the flexibility for 

observing complex phenomena - examples in which the Skylab experience demon- 

strated the desirability of man's presence. 

The second additional aspect concerns the possible orbits of the future 

Space Station. A GEO permits nearly continuous observation of the Sun, whereas 

a LEO involves an approximalely 30-min interruption of sunlight during every 

I. 5-hour cycle. Thus, for example, a GEO is highly desirable in order to track 

the detailed evolution of solar phenomena for time intervals exceeding an hour. 
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On the other hand, high-energy detectors may requrre special shielding to 

protect them from the relatively hostile space environment at the altitude 

of 6.6 Earth radii. 
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MAGNETOSPHERIC PHYSICS 

Background 

From the discussions during the Workshop, it is clear that the space 

station concept opens the way to an exciting new era of magnetospheric science. 

The progression of platforms from Spacelab to the LEO Space Station and the 

GEO Space Station represents a dramatic increase in scientific utility for the 

key problems of space plasma physics, magnetospheric particle dynamics, and 

magnetosphere-ionosphere-atmosphere (MIA) coupling. 

From our preliminary studies, it appears that the LEO station and the 

GEO station will benefit greatly from the developments of the Spacelab program. 

In particular, the opportunity to understand and exploit the full  capabilities of 

scientists-in-orbit in Spacelab should prove to be an important accomplishment. 

Nevertheless, a number of features of the space station concept provide 

compelling arguments suggesting that it should be the next step after Spacelab. 

Advantages of an STO 

For both the LEO and GEO stations, the long-duration observing periods 

(up to 6 months) should substantially improve prospects for  detecting and 

understanding transient magnetospheric events. The links in a possible chain 

of cause and effect involved with solar-terrestrial interactions may well be 

observable only with such an extended mission. In addition, the large payload 

weight, volume, and power of a space station make it an ideal platform for 

conducting extensive remote sensing and active perturbation investigations of 
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the various phenomena involved with the coupling of mass,  energy, and 

momentum in the MIA system. Both the LEO and GEO stations would 

incorporate the capability to deploy clusters of specialized sensors needed to 

separate spatial and temporal aspects of the space plasma environment. 

It is with GEO, however, that one finds the best opportunity to conduct 

important new studies relevant to magnetospheric-ionospheric-atmospheric 

science. A s  outlined in succeeding paragraphs, the ability to remain nearly 

fixed on a particular magnetic field line has great importance for a number 

of outstanding scientific experiments, including the active study of wave-particle 

interactions, the transmission of charged particle beams through the magneto- 

sphere, and the active radiowave probing of the magnetopause and plasmapause. 

Since GEO would lie outside the plasmasphere much of the time, it also 

provides an ideal platform for studying plasmasphere dynamics through active 

and passive experiments. 

Most experiments in magnetospheric physics will require the on-board 

scientist for their operation. In particular, the so-called "active" experiments 

in which perturbations a re  introduced into the magnetosphere require man's 

pattern recognition and decisionmaking capability. The scientist will observe 

the progress of these experiments and modify the operations according to the 

real-time results. 

Program of Investigations 

Electric Fields :I ntl Currents. Energy and momentum is transferred 

from the solar wind to the upper atmosphere by means of magnetic field-aligned 

currents which connect through the resistive high-latitude ionosphere. Both 

atmospheric Joule heating and a widespread pattern of global electric field 
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are direct consequerices of these currents. Furthermore, there seems to be 

a direct connection between the field-aligned currents and the acceleration of 

charged particles producing auroras. This last problem is particularly worthy 

of study since numerous observations suggest that auroras are an indication 

of a violation of the basic assumption of classical magnetohydrodynamics; 

i. e. that in the low-density plasma of space, the magnetic field lines are 

equipotentials . 
Both the LEO and GEO stations offer dramatic new opportunities to probe 

the detailed electrical structure of space plasmas with a variety of techniques. 

Aboard the LEO station, experiments similar to those contemplated with 

Spacelab would be developed; i. e. , remote imaging of ion t racers ,  the use of 

multiple remote probes, and the observation of electron beams. For the GEO 

station, a f a r  more favorable situation exists since the rapid motion relative 

to magnetic field lines and the Earth's surface is largely absent. In this 

situation a charged particle accelerator can be used to full advantage to probe 

parallel and perpendicular electric fields . Coordinated ground observations, 

readily obtained for the long-duration GEO station, could accurately pinpoint 

particle beam atmospheric penetration, permitting study of particle reflections, 

beam drifts in the presence of perpendicular electric fields, and multi-echo 

dynamics. Using GEO station remote sensing instrumentation (low-light-level 

TV, X-ray imagers, and E W )  , it may be possible to obtain the same 

information from the GEO station itself. 

Plasmasphere Dynamics. A number of dynamical phenomena a re  

associated with the plasmasphere, including the upward flow of thermoplasma 

from the ionosphere, the rapid convective drift of plasma in regions poleward 
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of the plasmapause, the formation of plasmapause red-arcs, and the upwelling 

of ionospheric plasma above the geomagnetic equator. During magnetic storms, 

the plasmasphere contracts violently, while afterwards it gradually expands 

poleward with great upflow of ionospheric plasma. 

Much of our present information about the plasmasphere is derived from 

radio whistlers and in situ spacecraft probes. Neither technique can adequately 

describe the complex phenomena which seem to occur. Many new plasmasphere 

observations will be possible using new techniques especially suited to GEO. 

From GEO, remote sensing of the plasmasphere will be possible using 

passive means based on 304A resonance fluorescence of He '. Scanning of the 

plasmapause "limb" should provide a direct view of the spatial and temporal 

variation of magnetospheric electric fields at the plasmapause; i. e. , information 

of crucial importance to understanding of substorm phenomena and the general 

interaction of the plasmasheet and the plasmapause. In  addition, fluctuation of 

304A E W  intensity within the plasmasphere can be used to deduce for the first 

time the distribution of thermoplasma along magnetic field lines near the magnetic 

equatorial plane, a region where strong hot-cold particle coupling is known to 

occur. 

Another technique €or probing the plasmapause is the coherent scatter 

radar ,  a device which relies upon the scattering properties of plasma density 

fluctuations viewed perpendicular to B. 

ring current, sufficiently large density fluctuations may exist to permit remote 

Because of the close proximity of the 
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detection and observation of not only the plasmapause itself, but also irregularity 

structures internal to the plasmasphere associated with radio whistler ducts. 

The same apparatus could also be used in an effort to detect and map the 

magnetopause throughout various periods of magnetospheric activity. In both 

cases, synchronous orbit provides an appropriately low density plasma in which 

radio-wave propagation is possible. Within the plasmasphere , such experiments 

could prove difficult. 

A separate radio technique to probe the plasmasphere can be based on 

incoherent scatter radar  stations at Arecibo, Jicamarca, and Millstone Hill. 

Using a forward-scatter mode, surface transmissions could be intercepted by 

an antenna/receiver aboard the GEQ station. With appropriate apparatus , 

measurements of electron density, line-of-sight plasma drift velocity, and 

plasma temperature could be obtained throughout much of the plasmasphere. 

A t  the plasmapause, both electron and proton precipitation into the upper 

atmosphere occurs as a consequence of wave-particle couplings. Remote GEQ 

observation of the resulting optical, E W , and X-ray emissions could provide 

important new information about the physical processes involved. For example, 

dynamical motions of the equatorial plasmapause are certain to be present, 

and a close analogy of the plasmapause-arc situation with auroral observations 

is  present. It is well known that Defense Meteorological Satellite Program and 

International Satellite for Ionospheric Studies spacecraft observations have 

opened the way to broad, new understanding of auroral phenomena. Similarly, 
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GEO observations of plasmapause-arcs (visual, E W ,  and X-ray) should 

dramatically increase our awareness of new processes in this region. 

Wave-Particle Coupling Studies. I t  is well known that wave-particle 

couplings account for a wide variety of important anomalous plasma processes. 

Very low frequency (VLF) radio waves, for example, have been shown to 

resonantly couple with energetic particles of the Earth's trapped radiation belts 

leading to particle precipitation and radiation belt depletion. Various other 

plasma waves of higher frequency a re  thought to be of great importance to the 

stability of field-aligned currcnts, the stability of energetic particle beams, 

and the establishment of kilovolt electric potentials parallel to the geomagnetic 

field. Extensive studies of wave-particle coupling will be initiated with Spacelab, 

but, because of orbital and time requirements, important experiments will 

inevitably belong to the Space Station era. 

The ability to deploy long antennas from LEO will lead to extensive 

experiments concerning the interaction of extremely low frequency (ELF) and 

V LF radio waves with trapped radiation belt particles. Because of the great 

power losses associated with ground-based experiments space experiments 

should couple radio waves much more effectively to the trapped particles and 

provide dramatic new information about the interaction process; GEO, being 

near the region of maximal interaction, is especially important in this regard. 

From GEO, the launching ol  other, higher frequency waves should prove 

valuable with respect to studies using artificially generated particles from a 



*particle accelerator. Destabilization of particles injected into trapped orbits 

could be accomplished using radio waves with subsequent detection at the foot 

of the GEO magnetic field line. It is also noted that the operation of a sufficiently 

strong ELF/VLF transmitter at GEO could lead to a substantial decrease in the 

local high-energy particle population. 

Magnetospheric Disturbances. Substorms involve the rapid release of 

accumulated magnetic energy in the form of energetic particles and electric 

currents. Due to their transient character and spatial extension, single 

spacecraft point measurements of plasma properties within the magnetosphere 

during a substorm are not sufficient to resolve the basic processes taking place. 

The GEO station, together with remote probes (small measurement platforms 

launched as free-flyers o r  tethered vehicles from the servicing shuttle o r  

space station), can overcome this difficulty, providing new vantage points to 

selectively study the space-time character of substorms. Observations of 

plasmapause motion, the structure of the auroral oval visible to the GEO station 

(presuming a North American parking orbit) ,  and the variations in electric and 

magnetic fields and particle fluxes at remote probe sites will be difficult to 

make prior to the GEO station and most probably will be required to resolve 

the substorm question. 

General magnetospheric storms will also be of great interest since 

there will be numerous opportunities to make observations of many different 

transient phenomena. The detection of high-energy particles precipitating 

into the middle-latitude atmosphere could be readily done using a scanning 
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X-ray detector and imagers norking a t  longer wavelengths. To resolve 

questions concerning radial variation of quantities, radially tethered remote 

probes offer an opportunity to separate effects acting over distances of hundreds 

of kilometers that are obtained through remote scanning. In addition, in situ 

measurements from remote probers should provide information about structural 

changes in the magnetosphere associated with substorms. 

General magnetospheric storms will provide important targets of 

opportunity for space station study. The evolution of the ring current, fo r  

example, will be an important aspect of magnetospheric storms which can be 

intensively studied from GEO and a suitable arrangement of remote probes. 

The LEO station, in contrast, will provide a suitable platform for studies of 

middle- and low-latitude particle precipitation during magnetic storms. 

Relativistic electron precipitation (REP) events have been recently 

recognized a s  a feature of the midday auroral zone. Localized in latitude and 

local time, REP events appear to provide an important loss mechanism for 

trapped electrons of high energy. The processes responsible for REP'S are 

thought to involve the generation of plasma waves deep in the magnetosphere. 

However, few details a r e  available, and an extensive LEO and GEO observa- 

tional program could provide the facts needed to understand the REP phenomenon. 
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ATMOSPHERIC PHYSICS 

Background 

The advent of the Shuttle/Spacelab/Space Station era in the 1980's will 

provide unique opportunities for comprehensive studies of the atmosphere. Some 

progress has been made in understanding the Sun-Earth environmental system 

during the last decade, but major advances a re  needed before a working under- 

standing of the basic behavior of our global weather system is obtained: the 

Sun-weather relations hip, the role of anthropogenic constituents on the atmosphere, 

the coupling of the lower and upper atmosphere, to name a few examples. 

The large weight-carrying capability of the early Shuttle/Spacelab missions 

will allow complex, large-aperture and long-focal-length remote sensing instruments 

to be carried aloft and to begin make-up global measurements of the type which 

cannot be carried out with the smaller free-flying satellites in use now. Cryogenic 

cooling systems can also be incorporated in the infrared instruments to give 

vastly improved signal-to-noise ratios. During the last  couple of years,  a large 

body of literature has been generated on the diverse and important scientific 

problems that such a Spacelab-borne instrument complement can address in the 

early to mid- 1980's. The major limitation of Spacelab-based observations appears 

to be related to the limited flight duration. The availability of similar instrument 

complements on long-duration Space Station missions will result, for certain 

classes of problems, in significant enhancement in the scientific return over what 

is anticipated for Spacelab. Also, heavier and more elaborate payloads will be 
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possible: larger telescopes, a more extensive complement of independent pointing 

controls, larger and more directive radio antennas, better cryogenics, and 

higher-power laser radar (lidar) transmitters a r e  some of the possibilities 

presented. 

Over the past several years,  careful studies have been made of an optimum 

combination of atmospheric instrumentation for  the Spacelab payload known as 

AMPS (Atmosphere, Magnetosphere and Plasmas in Space). Table I shows the 

proposed complement of instruments and the experiments for which they can be 

used in short-duration, low-Earth orbit. 

Some of these instruments are described in more detail in the following sub- 

sections; however, a single example, that of the lidar, will illustrate the remote 

sensing concept. A downward-pointing tuneable dye laser can transmit pulses 

that a r e  scattered resonantly from minor constituents such a s  neutral sodium 

(€30-100 km) and ionized magnesium ( 100-150 km), giving both their global 

distribution and (by the use of high-resolution interferometry) the motion field 

of the lower thermosphere. Differential absorption of Rayleigh scattered W 

pulses from the neutral atmosphere below 30 km, on the other hand, permits 

measurement of ozone and other absorbing constituents. This is  just one of the 

instrument techniques planned for early Spacelab development that will be greatly 

enhanced by long-duration flight as a permanent space station. 
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Advantages of an STO 

A polar orbit would be greatly preferred for the LEO station, but much 

useful information could be obtained from one of high inclination ( - 55'). The 

completely new approach of a GEO station will open the door further for  observa- 

tions of the type which have been hitherto impossible, mainly in the a rea  of 

hemispheric imaging. This global view of light scattered o r  emitted by minor 

atmospheric species will enable the dynamics of the entire global atmosphere 

system to be studied continuously, without orbital interruptions. The atmosphere 

can be monitored on its time scale and not that of the spacecraft. Sudden changes 

produced by events such as volcanic eruptions o r  stratospheric warmings may be 

reacted to quickly, a s  well a s  sudden outside events such as flares and substorms. 

Changes associated with the 27-day solar rotation may be readily observed in all 

meteorological parameters. 

Observations of the Earth's limb from GEO will be possible a t  microwave 

frequencies, giving height profiles a t  a11 latitudes on the day and night sides. 

Scattered light from the Earth's disk will make ultraviolet and visible observations 

difficult on the limb due to the reduced angular distance between the Earth's 

surface and the limb region of interest. Development of a "tellurograph" (named 

by annlogy with the solar coronagraph) would certainly make ultraviolet measure- 

ments possible, though the visible region is less  certain. 

The large variety of imagery possible from GEO argues very forcibly for  

the essential role to be played by a trained scientist in the Space Station, 
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backed up, of course, by an extensive scientific team on the ground. Advantages 

in pointing and adjustment of instruments as well as the ability to make real-time 

decisions on how to respond to targets of opportunity were  demonstrated in the 

solar program of Skylab to be real advantages of man's involvement. Further,  

it seems likely that a highly trained specialist would, in the course of a 3-month 

mission, gain competence and scientific insight through continued handling of 

new scientific data even more than a specialist located on the ground. 

Moreover, a Solar-Terrestrial Observatory of the type envisioned here 

for  the Space Station would lead to important and productive cross  fertilization 

of the disciplines. 

Program of Investigations 

The atmospheric observations envisioned for the Space Station are all 

based on remote sensing using different portions of the electromagnetic spectrum; 

therefore, this section is organized along standard spectral divisions. Each 

subsection contains representative scientific problems and instrumentation to 

be used. 

Ultraviolet Observations from the GEO Station. 

a. Ozone, Global maps of ozone may be obtained using a telescope, an 

adjustable ultraviolet filter, and a digital camera for  observing ultraviolet light 

scattered in the Earth's atmosphere. Ozone absorbs ultraviolet radiation between 

2000 and 3000 A.  The absorption cross  section is largest  near 2550 1 and becomes 

smaller at longer and shorter wavelengths. An adjustable ultraviolet filter which 
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would isolate portions of the spectrum between 2550 and 3000 

the measurement of ozone a t  different altitudes in the atmospheres. Using 

on-board data processing, a real-time display would show the global ozone 

distribution corrected for geometric factors. Using this display, the scientist- 

astronaut would compare variations in the global ozone with real-time displays 

of other atmospheric parameiers such as  the global temperature distribution at 

a particular pressure level OX* the global precipitation of charged particles into 

the atmosphere. He  could then adjust the ultraviolet filter in order to display 

the ozone distribution a t  other altitude levels, thereby interactively following the 

evolution of ozone changes and the physical processes which cause these changes. 

would permit 

b. Charged particle precipitation. Charged particle precipitation in the 

Earth's atmosphere produces ultraviolet radiation. These same charged particles 

also produce odd-nitrogen (nitric oxide and atomic nitrogen) by bombarding 

molecular nitrogen and molecular oxygen. Global pictures of the ultraviolet 

auroral emissions are indicators of the global production of odd-nitrogen. 

Increases in the amount of odd-nitrogen in the mesosphere and stratosphere 

lead to decreases in the amount of ozone. The principal ultraviolet emissions 

from charged particle bombardment of the Earth's atmosphere are: the atomic 

oxygen line a t  1304 A ,  the atomic nitrogen lines at 1495 and 1745 A ,  the  molecular 

nitrogen Lyman-Eirge-Hopfield bands between 1300 and 2000 A ,  and the molecular 

nitrogen Birge-Hopfield bnnds shortward of I100 A. The spectral region between 

1400 and 1700 A is particularly well suited for measuring emission from charged 
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particle bombardment since the atomic and molecular nitrogen emissions are 

optically thin. In this wavelength range, aurora may be observed on the 

daylight as well as the nightside of the Earth. Charged particle impact may be 

measured from geosynchronous orbit using a telescope, a broad-band W fil ter,  

and a digital camera. A real-time display will enable the scientist-astronaut 

to correlate the occurrence of auroral precipitation with other atmospheric 

phenomena such as upper-atmosphere motions and ozone distribution. 

Atmospheric Experiment Using the LEO station, 

Photochemical reaction chamber. The concentration of ozone in the 

Earth's stratosphere and ionosphere is determined by a large number of photo- 

dissociation processes and chemical reactions involving highly reactive 

constituents such as atoms and excited species. In a recent National Academy 

of Sciences study some 93 processes were  considered. In principle, each 

individual process may be measured in a laboratory experiment and the effect 

of all 93 processes may be taken into account using a model atmosphere calculation. 

In practice, many of the reaction rates remain uncertain because of the difficulty 

of handling reactive species in the confines of a laboratory apparatus. In 

addition, certain of the photodissociation rates remain uncertain because of 

screening by other atmospheric constituents. Again, the limitations of confined 

laboratory space prevent the duplication of upper-atmosphere densities and path 

lengths. Also, the details of the high-resolution solar spectrum are not available, 

in every case,  for use in the laboratory. 
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A photochemical  rea^ lion chainber in low Earth orbit may be the 

solution to these difficulties. The unattenuated solar spectrum is available. 

A large reaction chamber may be fabricated from the expended external tanks 

of the shuttle. For studies duplicating reactions and photodissociation processes 

in the mesosphere and stratosphere, a window of fused silica will permit solar 

radiation longward of 1600 A to enter the chamber. For  studies duplicating 

photoionization processes in the thcrrnosphere. a windowless entrance for  the 

solar radiation and a flowing gas system will enable ionization reactions to be 

produced. 

The photochemical reaction chamber should be instrumented with 

diagnostic equipment to determine the densities of the reacting species. The 

chamber may be used to measure individual reactions; o r ,  since it will nearly 

duplicate the actual atmospheric environment, it may be used to test the inter- 

action of a large number of constituents. This last feature would permit the 

testing of the effect of impurities on the Earth's stratosphere before the actual 

introduction of the impurity into the Earth's atmosphere. 

Studies of the Visible Spectral Emissions from the Atmosphere. High- 

resolution spectroscopy in the visible region of the spectrum offers a number of 

rewarding experiments of the monitoring type as well as many possibilities for 

future developments. The mxjor immediatc goals for  a long-lived space station 

mission would be the direct mapping of tropospheric and stratospheric winds 

inferred from Doppler shifts of absorption features in the spectrum of scattered 
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sunlight. Wind speeds of a few meters per second can be obtained in this way, 

both at cloud tops and on the horizon. It should be noted that the cloud-top wind 

is the actual motion of cloud particles, not the apparent motion obtained by 

pattern motion studies. - 

In addition to these low-altitude parameters, one can monitor the mesopause - 
wind and temperature from the 01 (5577 A )  nightglow; the thermospheric winds 

and temperatures are easily obtained in the day and with somewhat reduced 

spatial resolution at night using 01 (6300 and 5577 A )  line shapes and positions. 

During the day and over the auroral oval one can use the 011 (7320 A )  ion line 

to determine large-scale ion temperature and drift 

from line shape and shift. This list is meant to be 

The major instrumental requirement se t  by 

speeds in the F-region, again 

representative, not exhaustive. 

these spectral studies i s  

high resolution, throughput, and stability. The use of a versatile Fabry-Perot 

interferometer with multiple etalons is clear. However, it may be possible to 

improve this complex by adding a single wide-angle Michaelson interferometer 

as the highest resolution element, This instrumentation will also form the basis 

of the high-resolution lidar studies. Here the major change would be the use of 

a controlled rather than natural source of excitation and scattering. This 

technique was discussed earlier in the introductory portion of this section. 

It should be noted that there are significant differences in the studies that 

can be carried out from LEO and GEO. From GEO. horizon scanning in the 

troposphere and stratosphere will be difficult. However, the lack of relative 
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motion will simplify the disk measurements and make possible the creation 

of a hemispheric "Dopplergram" showing atmospheric motions. The ability 

to watch the development of a particular dynamical event is clearly improved by 

observing from GEO. The loweI.-altitude polar orbit has a very significant 

advantage when altitude profiles a r e  of primary importance. 

Infrared Instrumentation. The role of infrared instrumentation on a 

space station is largely a continwtion of an evolutionary process begun in the 

small, automated satellites. Vertical temperature profiles in the lower 

atmosphere, sea-surface teinperaturcs, and cloud cover will continue to be 

important in terms of depicting the occurrence of various climatic situations. 

To provide a real-time diagnostic temperature field for  use in conjunction 

with man-directed experiments, some sor t  of basic vertical sounding capability 

should be included. A variety of instrument configurations would qualify for 

this application depending upon the vertical, horizontal, and time resolutions 

desired. In the case of pressure-modulated radiometers, this capability could 

be available for altitudes up to 90 hm. GEO would allow hemispheric temperature 

fields to be obtained a t  selected pressure levels (vertically averaged) up to 

approximately 90 km. 

short time and space scales in the energetics of the upper stratosphere and 

Thus. much could be learned about the role of waves with 

mesosphere and the interaction of such modes with the geostrophic wind, 

Information about various components of the wind fields a t  low pressures should 

be available from the Doppler shift of lines. 
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The study of atmospheric composition should profit greatly from space 

station platforms. In the mid- 1980's several techniques now under development 

should be available to improve the spectral resolution and sensitivity of infrared 

instruments. These include cryogenically cooled interferometers for use both 

in emission observations and solar-stellar occultations, laser-diode, and laser- 

heterodyne instruments. The long-duration missions implied in the space station 

concept will allow the necessary statistics to be gathered regarding the background 

concentrations of trace species and the magnitude of natural fluctuations both 

of short- and long-term nature. An important aspect of a manned involvement 

is maintaining the integrity of instrument performance and absolute calibration 

necessary to detect secular trends in the composition of the atmosphere due to 

pollutants. 

Another new technique which may be available for  monitoring the 

dispersion of man-made pollutants in the troposphere and their mixing into 

the stratosphere is correlation spectroscopy. 

With sufficiently large telescopes, infrared limb sounding from GEO 

should be possible. This would allow nearly total latitude coverage at two 

local times on a nearly continuous basis but probably with a significantly lower 

vertical resolution than can be achieved in low Earth orbit. 

Microwave Measurements. A manned space station, both LEO and GEO, 

will provide a unique platform for performing microwave (as used here, the term 

"microwave" also includes millimeter and submillimeter wavelengths) measurements 
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of the Earth and its atmosphere which a r e  relevant to improving our knowledge 

of solar-terrestrial relations and basic atmospheric processes. Short-term 

measurements which probably will have been performed previously from 

Shuttle sortie missions can be used to demonstrate the technique and answer 

certain questions, but important questions involving seasonal or  longer 

variations and monitoring applications require a space station type platform. 

A GEO station can provide the first platform from which high-resolution micro- 

wave images and limb sounding can be performed; a manned space station is an 

appropriate platform for such measurements since a large ( - 25 m diameter) 

antenna is required and a trained operator could make real-time decisions 

concerning the mode of observation. 

Microwave techniques can be used to measure profiles of atmospheric 

temperature, pressure, certain molecular species, winds, and the magnetic 

field over certain altitude ranges between the surface and lower thermosphere 

and with varying degrees of accuracy. They can also be used to map precipitation, 

sea-surface temperature, soil moisture, and possibly other parameters. 

Pr ior  to the availability of the Shuttle, it was not feasible to use limb 

sounding techniques in the microwave spectral region because of the large 

antenna required. With the advent of the Shuttle, however, such techniques are 

feasible. Table 2 summarizes theoretical results obtained to date on measure- 

ments which can be performed by such techniques with present technology. 

However, microwave radiometer technology is advancing rapidly and producing 
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TABLE 2. THEORETICAL RESULTS OBTAINED TO DATE ON 
ATMOSPHERIC PARAMETERS WHICH CAN BE MEASURED 
BY MICROWAVE OBSERVATIONS OF THERMAL EMISSION 

FROM THE ATMOSPHERIC LIMB 

Parameter 

Kine tic temperature 

Pressure  

Winds 

Magnetic field intensity 

0 2  

0 3  

H20 

H202 

c10 

60 

N2O 

Altitude Range (km) 

0 - 100 

35 - 70 

5 70 - 100 

60 - 100 

90 - 120 

15 - 90 

15 - 90 

25 - 50 

30 - 45 

15 - I 1 0  

15 - 50 

Accuracy 

.*. 
"'Meaningful accuracy is obtained over the indicated altitude range, given our  

present understanding of the atmosphere. 
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instruments with better sensitivity that a r e  capable of operating at submilli- 

meter and shorter wavelengths. The technology is anticipated to be sufficiently 

advanced by the time a space station is available that a much wider range of 

species than shown in Table 2 can be measured, including atomic 0, OH, HO2, 

NO, NO2, HCI, andothers. 

The microwave measurements will be useful for improving our knowledge 

of atmospheric chemistry, energetics, and transport and will complement 

measurements which can be made in other spectral bands. An example of one 

problem of solar-terrestrial relations which microwaves can help solve concerns 

the energetics of the mesopause and lower thermosphere. The lower thermosphere 

is  principally heated by the absorption of solar ultraviolet radiation by molecular 

oxygen. However, the temperature of this region i s  a t  its coldest near the 

summer pole, where there is continuous input of solar energy, and at its 

warmest near the winter poIc, whcre there is no input of solar energy. Very 

substantial energy transport mechnnisms must be operating to maintain such a 

temperature distribution. Knowledge of the spatial and temporal variations of 

relevant parameters in this region is far too scanty for quantitative modeling. 

The microwave measurements of kinetic temperature, O2 variation, and winds 

in this region over a long time period should provide important inputs for 

understanding these mechanisms and how they respond to variations in solar 

parameters. Important complementary measurements in other spectral regions 

a r e  also needed. For example, 15 pm emission to space by CO, is the major 
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energy sink at the mesopause and should be monitored, as should the solar 

W input. A space station could provide the f i rs t  opportunity to perform such 

a wide range of interrelated measurements over a sufficiently long time period 

to determine patterns in the behavior of the parameters. 

For LEO, an antenna of approximately 2 m diameter is required for 

microwave limb sounding. Such an antenna will provide vertical resolution of 

3 km a t  the limb. It  can also provide an order of magnitude improvement in 

resolution over that now planned in Nimbus experiments for images of sea-surface 

temperature and precipitation, both of which may be very important in studying 

solar-terrestrial  relations. 

For a GEO station, an antenna of approximately 25 m or greater diameter 

also capable of operating at millimeter wavelengths should be considered. With 

such an antenna, microwave limb sounding from geosynchronous altitudes is 

feasible. The antenna beam could be moved slowly around the limb as it is 

scanned in the vertical plane, giving latitude and altitude profiles of atmospheric 

parameters as a function of local solar time. The same antenna could be used 

in a conventional sounding mode to provide images o r  precipitation, water vapor, 

sea-surface temperatures, and atmospheric temperature profiles with horizontal 

resolution of -25 to 100 km as  needed by global circulation models. The antenna 

could also be used in an active mode for measuring atmospheric species of very 

low abundance. In this mode the antenna would either transmit, or receive from 

a ground station, radiation which is swept in frequency through a resonance of 
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relative locations of the ground station G and space station S in the meridional 

plane. The transmitter beam of beam width 0~ points along UT? away from 

zenith Z ,  at an angle 0 to axis GS. The transmitter beam of beam width 4~ 
0 2 

points along U at an angle 4 to GS. The scattering volume is shown by the 
R 0 

shaded region. At small scattering angles (- 3 O  or  less ) ,  the plasma wave- 

length probed by the radio signal is greatly increased. and the scattered 

spectral width is narrowed, with a consequent enhancement in signal-to-noise 

ratio. The Debye-length limitation also disappears. Contamination due to the 

direct signal from the transmitter is minimized by pointing the boresight of 

the monopulse reviewing antenna at the transmitter. 

A 

2 

A 

Calculations show that a transmitting antenna and transmitter such as 

that a t  Arecibo, together with a receiving antenna on the GEO station, will com- 

prise a FISP system with adequate sensitivity to probe the electron distribution 

and plasma wave spectrum within the plasmasphere. If plasma waves are present 

outside the plasmapause where nonthermal excit:ition gives them an intensity 

comparable to those in  the plasmasphere, the FISP technique will be able to 

study them also. 
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SUN-W EA THER RE LA TIONSHIPS 

Background 

"Sun-weather" studies are defined as investigations of possible processes 

in the lower atmosphere of the Earth that are initiated or  controlled by changes 

in the output of the Sun. These changes can include solar variation in radiation 

(as  in the solar constant, o r  in specific wavelength regions) in particles (as in 

physical properties of the solar wind, o r  in solar cosmic rays,  or solar-modulated 

galactic cosmic r ays ) ,  and in the extended magnetic field of the Sun (as in circum- 

stances of the passage of interplanetary sector boundaries). Changes of short 

term (in the "weather") as well as long term (in regional o r  global "climate") 

are considered, although mechanisms involved in the two time scales may be 

quite different. 

It is clear that studies of Sun-weather relationships are not an independent 

discipline. A s  a practical, interdisciplinary area,  Sun-weather study relies on 

solar physics, magnetospheric physics, and atmospheric physics. Thus, programs 

in Sun-weather relationships envisioned here for the STO lean heavily on more 

fundamental programs in these other three areas. Instruments to car ry  out 

specific Sun-weather investigations will be a part of the working arsenal of 

equipment dedicated to solar physics, atmospheric physics , and magnetospheric 

physics. Indeed, while specific Sun-weather investigations should be an essential 

part  of programs planned for  the STO, major advances in our understanding 

of the Sun*s influence on weather can also be expected from the broad 
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advances anticipated from STO in each of the three more basic areas. 

In anticipating possible programs fo r  the STO in the Sun-weather area, 

it is recognized that there is less than complete understanding of the range of 

possible processes and mechanisms that could be involved. Some seem now to 

be obvious contenders that must be included, such as changes in the bulk radiation 

of the Sun o r  in specific spectral components that have known effects on 

the chemistry of the upper atmosphere. But there are many others, such as 

induced changes in the Earth's electric potential o r  a host of possible cloud 

formation mechanisms, that may be more important. The field of Sun-weather 

study is not sufficiently advanced, in 1977, to predict which theories 

o r  mechanisms will be the most likely contenders for  study a decade from now. 

Thus, the approach is taken here of outlining broad areas rather than specific 

ones and of utilizing a varied and comprehensive list of equipment that might 

be needed in studying Sun-weather connections in 1985, hoping in this way to 

cover the widest range of possible important mechanisms. 

This topic is approached recognizing that a number of recent developments 

show that a solar effect on weather is statistically established; the problem now 

is to determine the magnitude or  importance of its impact on weather and climate 

and to understand its mechanism. In this regard the proposed schedule of a 

Space Station seems timely. It comes a t  a time when the world asks for  

tests and hard facts in the area of Sun-weather relationships, and the STO 
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' seems, for  the reasons stated in preceding sections, almost uniquely qualified 

to provide these tests and facts. 

Advantages of an STO 

The proposed STO offers substantial advantages that may provide new 

and needed information in the study of solar influence on weather. These are: 

( I) the capability to monitor the various outputs of the Sun in a 

laboratory environment, with the possibility of in-orbit cross-calibration, 

instrument replacement, and the use of on-board, controlled secondary standards; 

(2) the capability of real-time observations of specific solar effects 

on the terrestrial atmosphere, requiring simultaneous o r  time-correlated 

observations of both Sun and Earth; 

(3)  the possibility of testing specific hypotheses of Sun-weather con- 

nections , through the availability of high-capability atmospheric , magnetospheric 

and solar observing equipment, and the ability to concentrate on specific geo- 

graphic areas  of interest. 

Of all the aspects of an STO, the solar-weather objectives are most 

interdisciplinary and demand the greatest real-time, innovative reaction by the 

staff of the Observatory. The very nature of these objectives asks for recog- 

nition of relationships between members of a complex sequence of events 

stretching from the Sun to the surface of the Earth. The ensemble of 

instruments and data displays on the STO will allow the Observatory scientists 

to focus on specific relationships and to follow them a s  they unfold and 
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evolve. Complete automation to follow these varied relationships seems 

virtually impossible. Further,  the real-time pattern recognition and 

cdrrelative capabilities of the human mind may catch significant relations that 

could easily elude notice during subsequent processing of recorded data at a 

ground site. 

Near-real-time and extended analyses of data by a team of specialists 

on the ground are  also essential. The former will provide information for 

baseline observation plans that can be transmitted to the STO. However, 

such baseline plans will be most effectively carried out and reinforced 

through the innovations of the on-board STO scientific staff. 

Program of Investigations 

Table 3 lists a program of potential investigations that follow from 

our current understanding of solar-weather connections. The left-hand 

column contains a brief statement of investigations with a statement of 

purpose. The middle column gives the advantages to be gained by conducting 

this investigation from a manned space station. In some instances the investi- 

gation will draw support from relevant unmanned spacecraft. The last column 

recommends the appropriate orbit for the STO. 

The investigations are necessarily general, since at this stage 

a comprehensive attack is what seems to be most needed. Some suggestions 

a re  more specific than othcrs, but pinpointing specific mechanisms for 

trial is avoided. Moreover, the possible mechanisms and solar-weather 
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effects considered are recognized as  being incomplete. 

Almost all of the experiments proposed here  involve apparatus which 

will serve other areas  of research on board the Space Station: solar physics, 

magnetospheric physics, and atmospheric physics. The specific equipment is 

listed in the preceding sections. 

The observational capabilities given in Table 3 provide a typical set 

of tools to investigate the class of scenarios suggested currently fo r  the solar 

influence on weather. For example, the option that any appreciable variation 

of solar radiation could have a fairly direct influence on the Earth's atmosphere 

is addressed by items I through 4. Similarly, the thought that solar modulation 

of ionizing particles reaching the atmosphere may influence cloud nzechanics, 

and hence weather, can be investigated by a combination of items 3,  4, and 5. 

Likewise, the idea that solar-induced changes of electrical conditions in the 

ionosphere interact with meteorology is addressed in items 3,  5 ,  and 6. The con- 

cept that solar particle radiation filtered by the Earth's magnetosphere may change 

ozone concentrations in northwestern North America, resulting in the formation 

of cold anticyclones that propagate across the continent, can be investigated by 

items 2 ,  3, and 4. These are examples drawn from contemporary literature. 

Even more important, however, is the encompassing ability of the 

r 

instrumentation complement, when i t  is finally selected, to test refined and 

still-to-be-proposed scenarios that will surely come forward between now and 

the advent of the STO. In actual STO operations, a specific observation plan 
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could be tailored to each of the prime candidate mechanisms for solar influence 

on weather and climate. A t  the present time, the observations to be made 

must be discussed in general terms as above. Ultimately the observing 

campaigns must be quite specific. This is the feature that distinguishes the 

STO from the traditional monitoring observations. 
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C ONC L USIONS 

The Workshop resulted in a recognition that solar-terrestrial physics 

has become a discipline in its own right. There is a growing realization that 

the coupling of the system - Sun/solar wind/magnetosphere/atmosphere - is 

a real one and that an understanding of this coupling may have significant 

influence on a well-planned interaction of man with his environment. 

That solar-terrestrial physics may be considered a single, unique 

discipline was demonstrated by a common interest among the participating 

scientists in both appropriate instrument techniques and the same research 

problems. Among the latter, the similarities in the solar physicist's concern 

with an understanding of the complex flare phenomenon and the magnetospheric 

physicist's interest in the physics of substorms were repeatedly cited. The 

Workshop concluded that an STO would be an appropriate vehicle by which the 

discipline of solar-terrestrial physics should be pursued from space. 

The importance of a space station observatory was demonstrated by 

the necessity for long periods of essentially uninterrupted observations of both 

solar and terrestrial  features. In the former case, for example, arguments 

were developed for an accurate monitoring of the solar constant as input for 

sophisticated weather analysis and climate research. The Workshop also 

defined a number of other monitoring programs well suited for an STO, necessary 

for  a viable solar-terrestrial program, and ripe for consideration in the early 

1980's. Among these programs the solar group identified as particularly valid 
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for study are: 

1. Regions of emerging magnetic flux on the Sun. These seem to 

have profound influence on the development of active regions and their flare 

productivity . 

2. Coronal holes. These are closely linked with high-speed solar 

wind s t reams and, thereby, with magnetospheric responses. 

The magnetospheric group drew attention to the following areas where 

investigation i s  sorely needed: 

1. Electric fields and currents. Particular emphasis should be placed 

on the Joule heating of the atmosphere and the generation of electric fields 

directed parallel to the magnetic field lines. 

2. Low-energy plasma dynamics. Both in the plasmasphere and 

plasma trough this cold plasma and its interaction with the hot plasma populations 

in the outer magnetosphere must be understood. 

3. Wave-particle coupling processes. These can affect the stability 

of the radiation belts and can lead to the establishment of kilovolt electric 

potentials along auroral field lines. 

4. Magnetospheric storms and substorms. The determination of the 

processes which trigger and then deposit large quantities of energy during 

thcse transient phenomena should be made. 

Important programs identified by the atmospheric group are: 
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I. Ozone layer. This is crucial for the screening of solar W 

radiation and has important medical implications. 

2. Tropospheric and stratospheric winds. The routine mapping of 

these winds would be of great benefit to meteorologists. 

3. Temperature of the sea and lower atmosphere. Such temperature 

profiles, from infrared and microwave monitoring, are essential in terms of 

depicting the occurrence of various climate situations. 

The solar-weather group considered as particularly appropriate 

monitoring programs related to: 

I. Variations in the Sun's radiation. These could have a fairly direct 

influence on the Earth's atmosphere. 

2. Solar modulation of ionizing particles. This may influence cloud 

mechanics. 

3. Cyclogeneses in the Gulf of Alaska. This may influence the 

weather pattern in North America. 

4. Development of tropical storms. The devastating effects of such 

storms might be lessened by advanced forecast techniques. 

The Workshop participants also expressed the view that more research- 

oriented programs whose immediate benefits a r e  less obvious can be eminently 

well accommodated on a solar-terrestrial observatory. 

The Logan discussion on coordinated solar-terrestrial studies generated 

several new ideas for  future instrument techniques. These ideas grew out of 
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the lively interaction between the different discipline groups and the realization 

that a permanent space platform would furnish greatly increased opportunities. 

Perhaps the most noteworthy exchange of ideas occurred between the 

solar physicists and the atmospheric physicists. In considering observations 

of the Earth from GEO, the atmospheric physicists found themselves facing 

observational challenges that are very similar to those in observing the Sun. 

They developed the idea of imaging the entire hemisphere of the Earth 

simultaneously and using various wavelengths to determine hemispherical 

composition. Then by measuring the Doppler shift and broadening of specific 

spectral lines, the winds and temperature could be obtained. Thus, the terms 

"dopplergrani" and "ozonogram" became parts of a new observational technique, 

"global atmospheric imaging, 

range from ultraviolet through microwave. 

which could be applied over a large wavelength 

One of the more exciting creations was the "tellurograph" which was 

derived from its solar predeccssor, the coronagraph. Here  the use of an 

occulting disk when observi tig the Earth from geosynchronous altitude would 

permit limb scanning studics of thc atmosphere around the entire globe in the 

ultraviolet and possibly visible wavelengths. This global limb scanning would 

permit the measurement of atmospheric constituents as a function of altitude 

as well as latitude around the globe and as a function of local time during the 

course of an orbit. 
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In solar physics the idea of solar situation monitors was developed. 

These monitors would follow solar activity in a variety of wavelengths and 

would serve as cueing devices from which more detailed observations of 

transient solar phenomena, such as solar flares, could be controlled. 

Through the use of these solar situation monitors, the on-board science staff 

will be able to maximize the scientific return by selecting and pointing 

specific instruments in the solar cluster for tailored observation of the 

particular phenomenon taking place. 

Magnetospheric studies were seen to benefit greatly from remote 

sensing techniques. Most all of the instruments to be developed for low-altitude 

Spacelab flights would find greatly enhanced usage at GEO. For example, the 

electron acceleration and wave injection facilities discussed in the AMPS 

program will return extremely important results when applied in the "heart 

of the magnetosphere" at GEO. 

New techniques such as forward incoherent scatter radar studies using 

a ground-based transmitter and a receiver at GEO and a predispersed radio 

pulse to maximize the interaction with the ambient plasma at a point distant 

from the orbiting transmitter were also presented as techniques to remotely 

probe the magnetospheric plasma populations. In addition, remote imaging of 

the plasmasphere from GEO using resonantly scattered He 304 emissions was 

discussed. 
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The preceding techniques represent examples of new observational 

approaches which become feasible with a permanently orbiting space platform. 

Techniques such as those used in coordination can give the simultaneous, 

large-scale observation of the solar-terrestrial system which will be necessary 

to delineate the controlling physical processes. 

A main theme through the whole discussion was the man-in-the-loop 

notion, strongly endorsed by all four subgroups. It was argued that the 

inclusion of man in situ often may be of decisive importance, as in a coronal 

transient phenomenon o r  the sudden development of a tropical hurricane. 

Many other targets of opportunity were listed by the Workshop participants. 

Most research-type experiments will not be executed with the required 

performance to solve the problem in question without the intervention of a 

trained observer in the laboratory. Also, the painstaking calibration and 

accuracy in measurement often needed and the high pointing accuracy required 

indicate the necessity for manned intervention in well-planned observing 

sequences. With the sophisticated instrumentation being contemplated for  a 

viable solar-terrestrial observatory, other needs are highly likely to occur. 

These needs may include repair activities o r  the flexibility for observing 

complex phenomena. 
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Tuesday, February 15, 1977 

8:30 - lot30 Group Discussion of Subgroup 
Ideas 
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Afternoon Finalize Draft  

Discussion of Future Conference 

Departure 
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I. INTRODUCTION: MAN AND HIS 
TOTAL ENVT3ONMENT 

A s  man continues to push the limits of the resources available to 

him on Earth, it becomes increasingly important that he understand the 

physical processes which control the Earth's total environmental system. 

It is through such an understanding that man can hope to anticipate 

environmental changes and thereby plan and manage more effectively the 

utilization of these finite rcsources. Beyond the satisfaction of basic 

physical needs, the advancement of civilization toward an ever-improving 

quality of life is likewise dependent upon man's interaction with his 

entire environment. 

The Earth's environment embraces not only the immediate 

surroundings of which we are visually aware but also a much larger 

region of space consisting of the atmosphere and magnetosphere which 

extends outward a hundred thousand kilometers above thc surface of the 

Earth. This larger system is controlled externally by electromagnetic 

and particle energy from the Sun and internally by the dynamic interchange 

of energy between the solid Earth, oceans, the atmosphere, and the 

magnetosphere. It is this exchange of energy that determines the 

structure of the Earth's environmental system and that ultimately controls, 

for example, o u r  large-scnlc climate and local weather patterns. If we 



can understand the interactive processes within the Sun-Earth system, we 

can predict and accommodate the terrestrial effects of changes that take 

place in the Sun. 

Because of the interactive nature of the components of the Earth 

environmental system, man has realized that his ecological concerns must 

assume a global perspective. We have all been struck by the delicacy of 

our environment on a local scale, as for  example in the pollution of s t reams 

and the resultant damage to biological systems. W e  a re  now apprehensive 

that this same delicacy is present on a global scale where the infusion of 

relatively minor quantities of pollutants into the atmosphere may have 

drastic effects on the characteristics of the stratosphere which protects us 

from the Sun's ultraviolet radiation. Stratospheric effects a r e  but one 

symptom of the larger problem of assessing the effects of man's effluents 

on his sensitive environmental system. If we a r e  to survive, we must 

protect this system; and to protect it we must understand the processes that 

control it. 

Hence, we have in the Sun-Earth system a chain of coupled regions 

that a r e  controlled initially by a variable solar input and subsequently by 

the processes in which energy propagates through the magnetosphere and 

atmosphere. This is a chain of events that generates those constituents 

of the atmosphere shielding us  from solar ultraviolet radiation, that 
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determines tha nature o i  the ionospherc upon which we rely for essential 

communications, and that leads to the development of atmospheric circu- 

lation, the dominant force in our weather patterns and climate. It is the 

workings of this interactive system that man must strive to understand. 

When we  are successful in achieving this understanding, we will 

be able to compile long-range environmental forecasts, which will, for 

example, predict thc cffccts of nian's pollutants on the environment and 

give advanced information on major weather patterns in given geographical 

areas for periods of months o r  perhaps even years. These forecasts will 

be supported on a continuing basis by an adaptive observation program 

tailored toward specific measurements of the crucial parameters which 

drive the environmental system. Forecasts of this type, in the context 

of a working understanding of the solar-terrestrial system, are needed 

by policy makers, environmentally affected organizations, and individual 

citizens alike. Reliable projections o€ environmental factors can be a 

great benefit to the nation and to mankind. 

Mail now has the ability to move into space with sophisticated 

instrumentation to observe his environment and to probe its intricate 

workings. A program to marshal this capability and ultimately to realize 

responsible environmental management is within our  reach. It is, 

however, a program of substantial challenge and magnitude. In particular, 
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it is a program that c r ies  for the scope and versatility of a manned space 

station. The dramatically successful solar observatory on the Skylab 

space station is  typical of the scale of instrumentation that must be brought 

to bear on this objective. Lesser capabilities will be inadequate. Further 

insight into requirements for this program will unfold in the course of 

s ubs equen t paragraphs . 
The recognition of this opportunity to benefit mankind is not new, 

of course. I t  was addressed deeply in the NASA Outlook for Space. NASA 

programs have studied the Sun-Earth system for a number of years,  

beginning with the early Explorer satellites which produced a wealth of 

information on the system's morphology and dynamics, With the Shuttle- 

Spacelab e ra  will come opportunities to carry out experiments involving 

the scientist directly in probing specific physical mechanisms which 

control the Earth's surroundings. During the short-duration Spacelab 

flights, new instruments and experimental techniques will be developed 

for the remote sensing of the Sun, the atmosphere, and the magnetosphere 

and for controlled active probing of the atmosphere and magnetosphere. 

Many of the experiments developed for Spacelab will have direct extension 

to longer duration missions. An example of this is the global measurement 

of features of the Earth's atmosphere and its seasonal variation and 

solar cycle dependence. 
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These longer rnissions should be carried out in a manned Space 

Station having a Solar-Terrestrial Observatory that would be operated 

initially in a low Earth orbit with n follow-on mode at geosynchronous 

orbit. This observatory could be one module of a station carried to orbit 

in the Space Shuttle. Through continuous observations of the Sun and 

Earth, the observatory will mexsurc the relationships between solar 

activity changes and terrestrial responses. It can make global assessments 

of the effects of natural and man-induced trncc materials introduced into 

the atmosphere and niagn(’tosphcrc. The simultaneous, long-duration 

remote sensing of the Sun, the magnetosphere, and the atmosphere should 

give u s  the insight nnd understanding thrtt is necessary to model, predict, 

and acconimodate changes in our complex environmmtnl system. 

Environmental management is n cu.uci:tl part of our futurc: the Solar- 

Terrestrial  Observatory will play an essenlinl rCJl(>.  

Fundamentally, we have hut two choiccs: gamble with our future 

o r  work to obtain a complete understanding of our Sun-Enrth environ- 

mental system. 
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11. SOLAR -TERRESTRIA L INTERACTIONS 

A .  The Role of the Sun 

The Sun is the dominant source of life-sustaining energy to the 

Earth. We think of its output as constant, but it is not, and even small 

variations in solar  properties can have far-reaching effects on the Earth. 

The two basic means by which the Sun controls the terrestrial  environment 

are the solar elsctromngl?etic radiation and the solar wind. 

The amount of solar radiant energy of all wavelengths received 

per unit time at the surface of the Earth, the solar constant (1353 watts/m2), 

has enormous implications for the terrestrial environment from the outer 

reaches of the magnetosphere down to the Earth's surface. 

it is solar radiation that is the basic energy source driving the circulations 

of the Earth's atmosphere and oceans. Solar radiation is responsible for  

the ionization of the Earth's upper atmosphere to form the ionosphere, 

which is important to our understanding of the mngnetosphere and its 

interaction with the solar wind. 

Ultimately, 

The solar wind, which is the continuous (but not steady) flow of the 

Sun's coronal plasma and magnetic field into interplanetary space, plays 

both an active and passive role in its interaction with the Earth's environ- 

ment. In the active mode the solar wind itself causes the final result: the 

deformation of the Earth's magnetic field to form the magnetosphere, and 



the recurrent modification of the magnetospheric structure which results 

in geomagnetic storms. Historically, recurrent (with the 27-day solar 

rotation period) geomagnetic storms were assumed to originate in 

hypothetical "M" (or  magnetic) regions on the Sun. Only recently have 

these M regions been identified as coronal holes, large regions of pre- 

dominantly open unipolar magnetic fields from which high-speed solar-wind 

streams flow. 

rotations, the plasma flows emanating from them can perturb the Earth's 

magnetosphere cyclically over a period of many months. 

Because coronal holes have lifetimes of many solar 

In its passive ro!e, the solar wind acts as a medium through which 

the Sun influences the Earth in a manner not possible without a pre-existing 

solar wind. 

waves, the channeling of flare-generated relativistic protons along the 

curved paths of the interplanetary magnetic field, and the modulation of 

the galactic cosmic ray flux received at  the Earth. 

Examples of this a r e  the propagation of hydromagnetic shock 

Essential Solar Investigations 

1. The Solar Constant 

With the potential of today's technology for measuring the solar 

constant to an  accuracy of a few tenths of a percent, the time is right to 

undertakc a long-tcrm program o i  space-based observations to measure 



accurately the ccmplete soiar spectral irradiance over the 22-year solar 

cycle. Space, as opposed to ground-based, observations are essential to 

eliminate the effects of atmospheric absorption , particularly in the 

important ultraviolet wavelengths. Even more importantly, the observation 

program should determine temporal fluctuations in particular solar 

spectral bands. The possible existence of large time-scale variations 

remains plausible because of our lack of conclusive understanding of the 

thermonuclear processcs iil the solar interior, as seen, for example, in 

the disparity between the predicted and observed solar neutrino flux. In 

addition, direct observations have provided recent evidence for short  

time-scale fluctuations, particularly in the E W  where there may be 

variations as large as 50 percent below 1600 A depending on the level of 

solar activity. 

For  ionospheric and atmospheric physics , the far-reaching 

implications of these variations in the solar constant underscore the 

necessity for sophisticated instrumentation on the Solar-Terrestrial 

Observatory which would measure the solar spectral irradiance over the 

complete spectrum for the integrated solar disk as well as for  selected 

active regions. Selected instrumentation would also permit observation of 

spectral bands of particular interest, such as the 1200 to 3000 A region 

which includes ttle Lymni-. nlphn zbsorption important to the D region of 
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the atmosphere. The spectral irradiance at X-ray wavelengths is also of 

interest, particularly its variation during solar flares and its correlation 

with increased ionization levels in the ionosphere. 

2. The Solar Wind 

A complete description of the solar wind necessitates measurements 

of particle densities. temperatures, flow velocities, and the vector 

magnetic field throughout the region from the solar  corona to the Earth 

and beyond. Such a program would certainly involve -- in situ measurements 

of these quantities from satellites outside the magnetosphere. Yet,  the 

"initial conditions" for the solar wind are provided by the Sun's corona, 

and thus our  descriptive models of the solar wind will depend on how well 

we know these initial conditions. The corona is observed best from space 

where we can measure the coronal X-radiation and where the outer corona 

can be observed without waiting for a solar eclipse. A particular objective 

for space-based solar-wind observations would be the study of the formation 

and evolution of coronal holes and their relation to active region develop- 

ment and decay over the 22-year solar cycle. Since the coronal holes 

cause conditions in the solar wind which, in turn, cause geomagnetic s torms,  

a study of their development characteristics could lead to the capability of 

predicting t h c  gcomngnclic s to rms  for periods of months in advance. Soft 

X-ray telescope obsc:i*v ations would yield the spatial extent and configuration 
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of coronal holes as well a s  densities in surrounding regions while the hole 

is on the visible disk. For densities and magnetic field geometry within 

the hole region out to a few solar radii, coronagraph limb observations 

would be made. Magnetograph data would provide information on the 

three-dimensional magnetic field configuration in and around coronal holes 

as well as normdized interlsity magnitudes. 

3. Solar Flares  

Both the solar constant and the solar wind are frequently subjected 

to extreme perturbations over a short time scale as a consequence of the 

eruption of solar flares in which joules of energy are  released, with 

resulting extreme effects on the terrestrial environment. Solar f lares of 

significant size produce increased X- and ultraviolet radiation, with 

subsequent increases in the D layer ionization that produce communications 

interference. During large flare events, such a s  in August 1972, current 

surges induced by the magnetospheric response to the flare have caused 

power disruptions across the northern United States and Canada. During 

a flare,  plasma clouds a re  ejected by the Sun which impinge on the 

magnetosphere, producing large, impulsive geomagnetic storms. There 

a re  occasional f lares which produce GeV energetic particles (solar  cosmic 

ray flares) and MeV particles (called proton flares) which represent 

serious radiation hazards for manned spacecraft. 
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Because of the extreme effects of solar flares on the Earth's 

environment, a program for the prediction of the occurrence and magnitude 

of solar flares would be a vital part of a Solar-Terrestrial Observatory. 

Of particular interest in such a program would be the identification of 

flare precursors, the flare-triggering mechanism ( s )  and the acceleration 

mechanisms for electrons, protons and heavier nuclei. A flare-alert 

system is a necessity for  astronaut protection on the Space Station, 

particularly when i t  will be in geosynchronous orbit. Because of its 

relevance to the Space Station and to solar-terrestrial relations, this 

flare-alert system would be a natural component of the Solar-Terrestrial 

Observatory . 

B. The Role of the Magnetosphere 

A s  pointed out in the previous section, the solar wind exists con- 

tinuously as a supersonic flow of magnetized plasma in which the magnetic 

field strength and €low velocity are significantly intensified in association 

with coronal holes. If me coilld turn  off the solar wind, the geomagnetic 

field would revert essentially to that of a large subterranean bar magnet 

(or a dipole €ield) . 

plasma or  ionized gas as an extension of the solar-ionized upper 

atmosphcre, o r  ioiiosphcre. 

This pristine geomagnetic field would Ice filled with a 

Tidal dynamo effects would give rise to some 



circulatory motion of the geomagnetic plasma in addition to its general 

tendency to rotate with the Earth. However, no spectacular geophysical 

effects would be expected to result from this magnetized plasma under the 

conditions of dynamical equilibrium which would soon be established. The 

situation as it actually exists with the constant flow of the solar wind is 

quite different. 

The magnetized plasma of the solar wind cannot penetrate closer 

to the Earth than approximately 10 RE under normal circumstances because 

of deflection by the geomagnetic field. In the process of its diversion 

around the geomagnetic field the solar-wind plasma sets  up a current system 

which tends to confine the geomagnetic field to a comet-shaped region o r  

cavity known as the magnetosphere. The average power incident on this 

cavity due to the solar wind is - IOi3 watts. If this energy were completely 

excluded from the cavity, thenvariations in the strength of the solar wind 

would only change the size of the cavity; the cavity itself would extend only 

to about the lunar orbit, the circulation of the geomagnetic (or  magneto- 

spheric) plasma would still be dominated by the Earth's rotation and 

atmospheric tidal effects, and there would be no intermingling of solar- 

wind plasma and terrestrial  plasma. Experiments conducted over the past 

few decades have established, on the contrary, that the magnetosphere has 

a long tail (several hundred R E  o r  more) ,  that a strong circulation of 
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plasma occurs-driven in some way by the solar wind, and that the solar  

wind is a major source of some of the magnetospheric plasma populations. 

The processes by which momentum, energy, and plasma carried by the 

so la r  wind gain access into the magnetosphere have not been identified. 

However, we do know that the solar wind magnetic field, which carries 

only approximately 1 percent of the total solar-wind energy, acts as a 

trigger , o r  modulator, which determines by its direction what fraction of 

the solar-wind power is coupled into the magnetosphere. 

G u s t s  of the solar wind in which the embedded magnetic field is 

directed southward, o r  antiparallel to the Earth's magnetic field, result 

in the occurrence of magnetospheric substorms. During an individual 

substorm lasting approximately 1 hour, a total energy of - 8 X IOi4 joules 

is dissipated in the high-latitude upper atmosphere. This dissipation, 

which is about equal to the total energy of a mngnitude 6 .7  earthquake, is 

absorbed almost totally at altitudes near and above 100 km. About half of 

the energy input is due to precipitation of mignetospheric particles, with 

the other half resulting from heating by ionospheric currents. 

The key outstanding questions concerning substorms include the 

identification of the physical processes responsible for  the triggering of 

substorm events; the acceleration and precipitation of magnetospheric 

particles; 2nd the gcxncration of large-scale current systems in the 
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magnetosphere. We must, then, understand how solar-wind influences are 

transferred into the magnetosphere and how magnetospheric energy i s  

dissipated in the upper atmosphere, and we must look further into possible 

mechanisms which may couple this energy downward into the stratosphere 

and troposphere. 

The total energy dissipated in a large substorm is comparable to the 

total energy involved in certain large, low-pressure systems which a re  

observed to develop in the Gulf of Alaska. Both phenomena have been 

statistically correlated with changes in the large-scale structure of the 

solar-wind magnetic field. It has also been pointed out that the angular 

momentum involved in the circulation of plasma at ionospheric heights is 

sufficient to account for these storm systems provided an efficient coupling 

mechanism (e. g. , viscous effects o r  planetary waves) is available. Such 

coupling phenomena a r e  potentially of great significance in our study of 

solar-terrestrial. effects, particularly since a large number of statistical 

correlations between solar activity and various meteorological phenomena 

have been identified. 

Quite apart  from the substorm process itself, another important 

energy source for the high-latitude upper atmosphere is the large flux of 

energetic solar protons produced by some solar flares. These protons 

have direct access to the tiolar caps within hours after the occurrence of a 
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solar flare. Although the total power dissipated in the Earth's atmosphere 

during a flare is less than that associated with substorms ( - I O 9  watts), the 

I to 100 MeV solar-flare protons penetrate into the stratosphere and down 

to the tropopause, where significant ionization is produced. This 

ionization could form nucleation centers for  cloud formation or,  as occurred 

in the August 1972 solar particle event. could result  in a significant 

decrease in stratospheric ozone. In either case an altered thermal balance 

would be expected, and this could act as a trigger for other meteorological 

changes a t  lower altitudes. 

Essential Magnetospheric Investigations 

1. Charged Particle Energization and Transport 
within the Magnetosphere 

Of the total energy dissipated in the upper atmosphere by the 

magnetosphere, roughly one-half is carried by energetic charged pnrticlcs. 

Therefore, the mechanisms which accelerate thc? magnetospheric particles 

and cause them to be scattered into the atmosphere must be identified if 

this important aspect of solar-terrestrial interactions and its implications 

are to be understood. The available data from passive measurements are 

sparse enough to bc consistent with a variety of proposed mechanisms. 

Now needed are active experiments conducted during varied geomagnetic 

conditions in which p:i rticle beams with known characteristics are injected 
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into the magnetosphere and observed as they undergo the processes of 

acceleration and precipitation. The techniques and instrumentation 

required for definitive studies will be well developed on Spacelab missions 

and, hence, will be available for a manned Space Station application. 

addition to particle accelerators, the required instrumentation will include 

visible and W imagers for remote detection of the beams a s  they strike 

the atmosphere, and subsatellites equipped with particle and wave detectors 

for direct measurement of the beams. The proposed acceleration 

mechanisms include low-altitude processes and processes in the equatorial 

plane, near and beyond geosynchronous orbit. I t  is important, then, that 

these investigations be carried out in low-altitude orbit and at geosynchronous 

orbit. 

In 

In addition to mechanisms which act to accelerate particles, other 

mechanisms appear simply to change the direction of energetic particles, 

scattering them out of their trapped orbits and into the atmosphere. It is 

thought that interactions bstween particles and plasma waves are responsible 

for this scattering. These interactions a r e  expected to be strongest near 

the equatorial plane and to depend critically on certain parameters such as 

the local ion density. Definitive experiments in this area can be carried 

out from the Solar-Terrestrial Observatory at geosynchronous orbit with 

the capability to release gases, such a s  lithium or barium, which alter 



the local ion density. 

wave characteristics in the region of the release, a number of proposed 

mechanisms would be tested definitively for the first  time. 

By measuring simultaneously the particle and 

While the processes of charged-particle energization and transport 

operate at all times in the magnetosphere, they are intensified significantly 

during substorms. A -full understanding of the role of these processes in 

the Earth's environment requires that we identify the substorm triggering 

mechanism. A t  present we know that large substorms are triggered with 

a high probability when the solar-wind magnetic field has a southward 

component. In the mngnetosphcre, strong plasma flows have been observed 

in the nightside equatorial plane. causing attention to be focused on that 

region for the identification of possible unstable plasma processes a s  the 

substorm trigger. Simultaneously there occur widespread and dynamic 

displays of the aurora.  produced by charged-particle bombarclnicnt of 

the atmosphere and rcsulting in significant atmospheric heating and 

increased ionospheric conductivity. These low-altitude effects have led to 

further suggestions that substorms are initiated there in regions of high 

conductivity. A low-altitude Solar-Terrestrial Observatory could provide 

definitive tests oi such theories by controlled active stimulations of the 

ionosphere using particle accelerators and gas releases. An observatory 

n t  geosynchronous orbit would have the ability to obtain global images of 
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the aurora, thereby identifying the time and location of the first signs 

of a substorm. Combining this information with simultaneous observations 

of the plasma flows and active probing in the equatorial plane would give 

a comprehensive picture of the substorm, the basic disturbance mechanism 

of the magnetosphere. 

2. Transfer of Energy through the Magnetosphere 
into the Upper Atmosphere 

The transfer of energy from the magnetosphere to the upper 

atmosphere by charged particles, electric fields, and currents occurs 

predominantly along magnetic field lines. Our understanding of these 

energy-transfer processes is limited by our lack of knowledge of field-line 

configuration and by our present inability to measure simultaneously the 

energy input to the magnetosphere, its flow along field lines, and the 

effects produced in the upper atmosphere. It is expected that these limi- 

tations could be overcome by a properly equipped Solar-Terrestrial 

Observatory . 
The difficulty in determining magnetic f ield-line configuration lies 

in the dynamic effects which occur during substorms. During substorm 

times, a given magnetic field-line configuration can change from an 

equatorial crossing point of 6 R E  to a crossing at 10 to 20 RE. Magnetic 

field lines can be traced both from low-altitude orbits where ion beams 



can be injected and optically tracked. and from geosynchronous orbit 

where particle beams can be fired down the field lines into the atmosphere 

where their interactions can be observed. 

With the ability to map magnetic field lines under varying conditions, 

the Solar-Terrestrial Observatory could then be utilized to investigate the 

overall problem of magnetospheric-atmospheric energy transfer. Through 

remote-sensing mea surements o f  solar and solar-wind phenomena con- 

ducted from the observatory itself, coupled with possible direct real-time 

probing of the solar wind by a companion satellite in the interplanetary 

medium, one could measure the particle and field energy incident on the 

magnetosphere as well a s  the solar electromagnetic energy incident upon 

the atmosphere. Then, by t r x i n g  field lines and measuring directly the 

fluxes of particles and the intensities of magnetospheric currents and 

electric fields from the orbiting observatory and its companion subsatellites, 

the flow of solar energy through the ningnctosphere could be monitored. 

The atmospheric response to this magnetospheric energy input would be 

measured through the optical remote-sensing capability of the observatory. 

This combination of techniques would give the broad picture of 

how plasma and wave energy is coupled from the Sun through the magneto- 

sphere into the atmosphere where it contributes to atmospheric motions. 



3. Magnetospheric Effects on the Stratosphere and Troposphere 

The magnetic field lines from the Earth's polar cap continue into 

the region of the solar wind and so provide direct paths for energetic 

solar-flare protons to follow into the atmosphere. A s  mentioned previously, 

these I to 100 MeV protons penetrate the entire stratosphere where they 

may act to reduce the ozone levels significantly, hence upsetting the 

thermal balance of the atmosphere. From a Solar-Terrestrial Observatory 

in low Earth orbit one could measure directly the fluxes of energetic 

protons while monitoring simultaneously the concentrations of minor 

constituents, such as ozone, in the stratosphere. The remote measurement 

of stratospheric constituents could be accomplished using a comprehensive 

set of optical instruments covering the wavelength range from ultraviolet 

to infrared. These systems generally must have large apertures and 

optics, and in some cases must be cryogenically cooled. An effective 

program of this type will, therefore, require a large, versatile facility 

such as a manned Space Station whose long-duration missions will assure  

that the correct instruments will be in orbit when an event occurs. 

In addition to the effects of solar-flare protons, changes in the 

large-scale structure of the solar-wind magnetic field (the sector structure) 

are accompanied by increased levels of magnetospheric activity and by 

intensifications of high-latitude atmospheric disturbances as measured by 
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atmospheric vorticity indices. The energy dissipated in the upper 

atmosphere during sukstorms 2nd the angular momentum carried by the 

circulating plasma in the ionosphere may, then, play l e y  roles in the 

dynam ics of the high -latitude troposphere. 

The next step beyond the statistical correlations made to date would 

be to investigate possible mechanisms by which this energy and angular 

momentum are coupled downward through the stratosphere and into the 

troposphere. The role of n Solnr-'I'crrestri~l Observatory could be central 

to our eventual understanding of how magnetospheric energy may be coupled 

into the troposphere, affecting ultiniately the weather and climate on a 

global scale. Needed a r e  global measurements of cloud cover, coupled 

with altitude scans of atmospheric winds, vorticity, composition, and 

temperature from the 100-km level down to the troposphere. When 

combined with simultaneous observations of solar and magnetospheric 

energy inputs, these observations could providc definitive tests of 

mechanisms through which mngnetospheric energy is coupled to low- 

altitude weather patterns. 

C .  The Tiole of the Atmosphere 

Lying closcst to the Earth and comprising a major part of what we 

visualizc as our  csnvironmcnt i s  the 2tmosphere. The atmosphere is a 
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dynamic system consisting of several interactive layers: the troposphere 

where weather systems are found, the stratosphere where the Sun's 

ultraviolet radiation is  absorbed, and, finally, the mesosphere and thermo- 

sphere where ionized atmospheric gas provides a basic link in worldwide 

communications. The characteristics of the atmospheric system a re  

determined by a complex balance of energy inputs from the Sun, the 

magnetosphere, and the Earth as well a s  constant exchange of materials 

with the Earth's surface. 

Despite an ever-increasing body of evidence correlating variations 

in the atmosphere (particularly weather and climate changes) with 

variations in the Sun, man has been unable to confirm specific physical 

processes which link the two directly, primarily because of the immense 

complexity and delicate characteristics of the atmospheric system. The 

correlations a re  nonetheless compelling, as ,  €or example, the predictions 

based on solar cycle variations of droughts in the high plains areas  of the 

United States in the mid-1970's. It appears that changes in the solar 

character trigger changes in the dynamics of the atmosphere both on a 

short-term basis, as  in the case of individual geomagnetic storm effects 

lasting for days, and over the long-term sunspot cycle of 11 and 22 years. 

Even longer period changes have been observed, a s  in the case of the 

so-called Maunder Minimum, a period of some 70 years in the late 17th 
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century. 

activity which has been correlated with the coldest excursion of the "Little 

Ice Age" in Europe and a concurrent drought period in the American 

Southwest . 

During this time, there existed a dramatic minimum in solar 

Observations of tropospheric weather phenomena have been vastly 

improved with better descriptions of the global wave patterns (particularly 

over ocean areas)  through the use of satellite pictures of cloud patterns. 

However, we currently have no better picture of what is  to transpire in 

weather patterns than the 2-day forecast using predictability schemes 

developed in the 1940's and 50's. We must study the atmosphere globally 

in a unified manner, measuring chemistry and dynamics simultaneously. 

This approach combined with the observation of changing solar and 

magnetospheric energy inputs should begin to f i l l  out our uncertainties and 

expose clues to the physical processes which me responsible for solar- 

related atmospheric changes. 

The fragile nature of the atmosphere has been emphasized in the 

recent concern over the effects of minor constituents (a few parts per  

million) on the overall conditions in the stratosphere. A push to quantify 

the detrimental effects of freon has raised more questions than it has 

answered, primarily relating to the dynamics of the atmosphere and the 

degree to which other potcntially harmful minor constituents are being 
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added to and mixed within its different layers: the troposphere, stratosphere, 

mesosphere, and thermosphere. 

Atmospheric dynamics consisting of winds as well as diffusion 

processes and the basic chemistry and energetics resulting from solar 

and magnetospheric influences are again the necessary parameters to be 

measured. These measurements would provide the knowledge necessary to 

model pollutant effects in advance, with the ultimate hope of carefully 

controlling our interaction with our atmosphere. 

Essential Atmospheric Investigations 

I. Global Atmospheric Chemistry and Dynamics 

A fundamental element of the atmosphere which is common to all 

of the specific investigations is a knowledge of global atmospheric chemistry 

and dynamics. 

duration Spacelab flights of the early 1980's which will allow the measure- 

ment of atmospheric composition, temperature, and winds as a function 

of altitude throughout the different layers of the atmosphere. The early 

Spacelab flights will be ideal opportunities to develop the instrumental and 

experimental techniques and, as such, are a natural lead-in to long-duration 

Space Station operation. A tmospheric dynamics studies require the long 

observing times. We are concerned with not only diurnal effects, but with 

Techniques are being developed today for use on short- 
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seasonal variations as well as longer term changes over periods of 

years (e.g., variations with the solar cycle). 

Studies in atmospheric chemistry and dynamics would be conducted 

initially from low Earth orbit, preferably at an inclination high enough 

to give global coverage. These studies would utilize the comprehensive 

nature of the instrumentation on the Solar-Terrestrial Observatory, 

including the complete active and passive remote-sensing capability for 

the atmosphere in addition to simultaneously monitoring the solar electro- 

magnetic output (the solar constant) and the input of energy from the 

magnetosphere through particle precipitation and joule heating. Passive 

plasma and wave measurements would be needed both from the observatory 

and from subsatellite packages which would transmit information back to 

the obscrvalory. 

The opportunity to place the Solar-Terrestrial Observatory in 

geosynchronous orbit opens a completely new capability. Whereas the 

low Earth orbit offers the unique capability to gather detailed height 

distributions of atmospheric parameters, global averages of the integrated 

system could be accomplished from geosynchronous orbit. From geosyn- 

chronous orbit the atmosphere could be viewed over an entire hemisphere, 

with the potentid to scan compositions, temperatures, and wind charac- 

tcdst ics  over a 1ai-g~: portion of the globc simultaneously. Experiments in 



this orbit would require new techniques which could be developed in 

Shuttle-S pacelab flights. 

2. Atmospheric Response to Solar Changes 

Although this topic is a part  of the overall study of atmospheric 

dynamics which is mentioned above, its importance to Sun-weather studies 

and environmental change grediction is sufficiently compelling to justify 

separate discussion. This body of investigations would be directed toward 

understanding the response of the atmosphere, particularly the troposphere 

and stratosphere, to both short- and long-term changes in solar parameters 

combined with the concomitant magnetospheric changes. In particular, 

the atmospheric response to substorms (periods of hours),  large geomag- 

netic s torms (periods of days),  solar rotation (27 days), and solar-cycle 

variations (periods of years) would loe studied. 

An approach to this investigation would include the continuous 

monitoring of solar electromagnetic outputs, coronal hole developiaent, 

solar-wind variations, and magnetospheric substorm and storm conditions, 

with the careful remote sensing of atmospheric changes. In these investi- 

gations, one would t r y  to separate and identify the effects of different 

inputs - the solar constant, the magnetospheric particle precipitation, the 

magnetospheric joule heating - in a11 levels of the atmosphere, with 

particular attention paid to the troposphere and stratosphere. 
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By measuring tropospheric response to these varying inputs, we 

should be able to postulate coupling mechanisms which could then be 

tested with a more  specific set of experiments. We must invest in this 

type of activity if we are ever to reap the rewards associated with long- 

and short- r ange w eathe r predict ion. 

3. Stratosphcric Maintenance 

A s  in the previous section, this topic is also a part of the overall 

atmospheric chemistry and dynamics problem which, because oi its im- 

portance, must be addressed separately. The thrust of the investigation 

centers around understanding the processes that control and maintain the 

stratosphere, which is of basic importance as  an ultraviolet shield. The 

stratosphere is affected by solar,  magnetospheric, natural terrestrial, 

and man-made inputs. These inputs need to be separated and their effects 

quantified in order that adequate stratospheric maintenance can be assured 

through whatever protective measures are necessary. 

The Sun can affwt  the stratosphere directly through the variation 

of solar electroma,gnctic radiation, particularly in the EUV wavelengths, 

and through the generation of high-energy protons which can penetrate the 

atmosphere down to stratospheric levels. These particle events (polar 

cap absorption) have been observed to modify ozone concentrations during 



large magnetic storms. The Sun, through the magnetospheric filter, can 

affect the stratosphere in other ways. For example, changes in coronal 

hole structures can change the solar-wind parameters which, in turn, can 

cause magnetic storms in which particle acceleration and precipitation 

into the atmosphere are intensified. This precipitation can modify the 

thermosphere drastically and produce NO, which if transported to 

stratospheric heights could have a significant effect on ozone content. 

extent to which NO is produced and transported is currently not known. 

The 

Naturally occurring terrestrial events, particularly volcanic 

eruptions, can inject significant quantities of trace materials into the 

stratosphere. The injected material can persist  for  months and years. 

In addition to the natural inputs, man's manufacturing activities have 

reached scch a level that the effluents are of large enough quantity to 

affect the stratosphere globally. These effluents must be measured and 

their effects on the stratosphere quantified. 

A s  in the previous investigations, global remote sensing of the 

atmosphere both from low Earth orbit and geosynchronous orbit combined 

with simultaneous observation of solar and magnetospheric energy inputs 

will hold the key to understanding stratospheric processes. 

-. 
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III. CIIAEACTERISTICS OF A SOLAR- 
TEHHESTRIAL OBSERVATORY 

A. Approach 

Operation of an effective Solar-Terrestrial Observatory will 

depend on our capability to make comprehensive simultaneous measurements 

using -- in situ, remote-sensing, and active probing techniques. These 

measurements should be made continuously o r  with sufficient frequency 

over time scales adequate to record the diurnal, solar rotational, 

seasonal, and solar-cycle variations which a re  thought to hold the key to 

our understanding of many of the important solar-terrestrial interaction 

mechanisms. 

The needed measurements and investigations, outlined in the 

previous sections, place certain general and specific requirements on the 

platform to be used. on its orbit, and on its complement of instruments, 

The following paragraphs outline n number of these requirements as 

presently envisioned. 

B. Orbit 

Low-altitude orbits a re  well  suited for  many of the required 

monitoring and experimental operations. Initial operations (for example, 

solar observations) could begin a t  any inclination. F o r  studies of the 

energy input to the atmosphere resulting from magnetospheric activity and 
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solar-flare protons, a high-inclination orbit (> 65 "1 is preferable. Certain 

magnetospheric and atmospheric investigations can be conducted from a 

lower ( 58 ) inclination orbit, but their scope is limited. Second- 

generation observations at geosynchronous orbit would be extremely 

useful for -- in situ measurements of magnetospheric energy transport 

processes combined with continuous remote-sensing observations of the 

Sun and an entire atmospheric hemisphere. 

This pattern of orbital requirements is quite compatible with an 

evolutionary sequence envisioned for Space Station development. If a 

low-altitude station were maintained as a way station to a geosynchronous 

station, a Solar-Terrestrial Observatory could productively be a module 

in both . 

C. Platform Characteristics 

Provisions must be available for  the pointing of individual 

instruments independently of Space Station attitude. The ob serving 

requirements will include cryogenically cooled instruments and large 

instrument arrays.  These must be pointed at the Sun, at selected solar 

features, at selected atmospheric locations (including limb scanning), and 

simultaneously up and down magnetic field lines. 

will vary from a fraction of an arc second for some of the solar 

Pointing requirements 
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instruments, through 0. 1 * for selected atmospheric remote-sensing 

instruments and electric o r  magnetic field detectors, to I" for the 

magnetospheric particle detectors. 

The observatory should be equipped with a data processing facility 

capable of reducing data from onboard instruments and combining it with 

real-time data from supporting subsatellites and the ground. In-orbit 

laboratory facilities are required for the testing and possible modification 

of selected onboard instruments, including optical systems. A n  EVA 

capability would be extremely useful in the repair  and maintenance of 

instruments. 

D. Manned Operation 

Operation of the Space Station observatory would be optimized 

in many respects by a manned facility. The use of a properly trained 

onboard scientist i s  cxpcctcd to Lie quite cost effective in the performance 

of active probing experiments using man's superior pattern recognition 

capability and ability to respond to the unexpected. In the remote-sensing 

and direct-measurement operations, a man-in-the-loop concept is also 

expected to add significantly to the versatility of the observatory and to 

the optimization of i ts  observing capabilities. H e  would be able to 

accomplish onboard calibration. repair ,  maintenance, and instrument 
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improvement as well as data processing and analysis. 

The large coordinated observing programs involving observation 

of specific cause-and-effect links between Sun and Earth will be greatly 

enhanced by manned operation, with the onboard scientist examining the 

results and then configuring and carrying out the follow-on experiment. 

Although the Solar-Terrestrial Observatory experiments will be enhanced 

by man's presence, they will not necessarily require continuous manned 

operation because many of the observations can be carried out in a semi- 

automated fashion. 

E. Duration of Observations 

Long-duration operations are essential in order to study and 

monitor the diurnal, solar rotational, seasonal , and solar-cycle variations 

that a r e  important aspects of solar-terrestrial interactions Realization 

of an effective program of long duration requires the ability to calibrate, 

repair ,  maintain, and upgrade the onboard instrumentation to as great 

a degree as possible. 

F. Subsatellite Clusters or  Ensembles 

A number of the anticipated instruments will be large and massive 

because of cryogenic cooling, substantial ener,y storage requirements, and 
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optical systems complexity. These instruments will require the accom- 

modations of a Space Station module and exposed platform. On the other 

hand, other instruments, while much smaller,  will require freedom from 

electromagnetic and chemical contamination, and perhaps direct access to 

rather remote regions of the magnetosphere o r  to the solar wind. 

It is anticipated, then, that accomplishment of the objective of a 

Solar-Terrestrial Observatory will rcquire a cluster or  ensemble of 

small subsatellites able to transmit data directly back to the main 

observatory. An example of this operation would consist of a subsatellite 

in heliocentric orbit monitoring the solar-wind variations, with another 

satellite in the magnetosphere near the observatory monitoring ambient 

plasma conditions outside the disturbcd elcctromagnetic environment of 

the large Space Station. 1nform:ttion from these subsatellites would be 

telemetcred to the observatory. 

G. Instrumentation 

In order to make the coniprehensive simultaneous set of measure- 

ments required for the solar, magnetospheric, and atmospheric observa- 

tions, a large observatory is visualized. A modular approach in which 

instruments with similar pointing. power, thermal, and data handling 

requirements are grouDed in various combinations may facilitate the 
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overall integration and opcration of the observatory. 

The instrumentation consists of three major categories: remote 

sensing, active probing, and passive -- in situ diagnostics. The study of 

solar processes will be done with remote sensing techniques which have 
., 

evolved out of the Skylab missions. Remote sensing will also be used to 

sound the Earth's atmosphere for concentrations, temperatures, and winds. 

The active experimentation, consisting of particle accelerators, trans- 

mitters,  lnser radar systems, and gas release mechanisms, will seek to 

probe the magnetosphere and atmosphere around the observatory and 

measure the response of the system. The passive -I_ in situ diagnostic 

instruments will constiintly monitor the state of the magnetosphere and 

will provide the background information needed to conduct the active 

experiments. 

1 

A l l  of these instrument and experiment techniques can be 

developed on the short-duration sortie mode flights of the Spncelab/Shuttle. 

Their application to probing solar ,  magnetospheric, and atmospheric 

processes will be well proven for long-duration use in the Solar- 

Terrestrial  Observatory. 

a 
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TV, C ONC LUSIONS 

The evidence is overwhelming that the solar-terrestrial environment 

is a dynamic, tightly coupled, interactive system in which variable solar 

energy is transmitted through electromagnetic radiation and the solar wind 

to the Earth's magnetosphere and atmosphere. The constantly changing 

solar input coupled with the continuous redistribution of energy near the 

Earth constitute the external boundary conditions which determine the 

characteristics of our  global environment. 

An understanding and subsequent management of this environment 

will require a well-planned, coordinated set  of observations of solar 

processes and the accompanying magnetospheric and atmospheric responses. 

A major element in this observational plan should be a Solar-Terrestrial 

Observatory module of a manned Space Station which would be operational 

initially in a low Earth orbit with a follow-on mode at geosynchronous 

orbit. The Solar-Terrestrial Observatory would he a self-contained 

module and exposed platform facility which includes a variety of remote 

sensing, active probing, and passive diagnostic instrumentation. It 

would also include n computer facility capable of interrogating and processing 

information from several subsatellites located in the magnetosphere and 

the solar wind. The manned activities would center around the conduct 

of coordinatcd expcriments, repair and calibration of the instruments, and 
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onboard analysis of the experimental data. The highly trained scientist 

participation will insure a flexible and evolutionary operation of the 

observatory. 

The mode of operation of the Solar-Terrestrial Observatory would 

change with time. Initially it would focus upon filling in the missing pieces in 

a working understanding of the solar-terrestrial environment. Ultimately 

it would reach an operational phase in support of useful predictions and 

forecasts for numerous environmental factors. The mature operational 

phase would utilize an observational mode that adapts to circumstances as 

they occur, in contrast to a purely monitoring mode. A s  in the case of 

present hurricane tracking, the Solar-Terrestrial Observatory would, 

for example, adapt its observations to follow the course of events of a 

major solar flare and its impact on the Earth. This capability distinguishes 

the observatory as an appropriate element of a permanent manned Space 

Stat ion , 

In the operational phase, the list of factors worth predicting grows 

with the climbing complexity of civilization. Already many examples can 

be cited. Agriculture, from the grass-roots farmer to the senior govern- 

ment official, requires reliable short-term weather predictions and long- 

term climate forecasts. Lawmakers require a knowledge of the effects of 

man-made pollutants on the atmosphere to provide a basis for protective 
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legislation. Communicztion netivities need warnings of ionospheric 

disturbances. Electric-1 powr: I' distributors must be made aware that 

coming magnetic storms may induce currents that will throw circuit 

breakers throughout their networks. Prospectors for mineral resources 

can benefit from a preknowledge of periods of magnetic quiescence 

propitious for magnetic prospecting. A i r  and sea transportation can save 

substantial monies :in71 pmcinus fuel if they can schedule their trips in 

accord with meteorological expectations. 

A l l  of the previous examples are real in the sense that they are 

being done now in the restricted ways that are possible with our limited 

knowledge of the solar-terrestrial environment. Much more can and must 

be done in the complex civilization of our future. 

The concept of Earth as a spaceship has gained recognition in 

recent years. Thanks to the space program, it is an image which is 

readily appreciated, connoting as it does an object with limited resources 

and an environment with limited capability. Unfortunately, the analogy is 

becoming increasingly apt as the world population grows inexorably and as 

developing nations , which are striving for some form of quality-of-life 

parity with their weallliier neighbors, increase per capita consumption of 

both energy and raw materials. This two-pronged forcing function is 

pushing us toward limits of natural resources and limits of the ability of 

37 



the environment to cleanse and renew itself. This nation cannot control 

world population nor the aspirations of developing nations. It can, however, 

determine the limits of the life support system and how it can be managed 

for optimal effect. In the past this was neither possible nor necessary; 

the scale of human impact was far below the scale of global resources. 

To date we have experienced only the initial ripples of the economic con- 

sequences of approaching global limits of natural resources and only 

isolated instances of the physical limits of our environment. For the 

future, ignorance will  be a luxury we cannot afford, and knowledge a 

requisite for survival. 

The Solar-Terrestrial Observatory, with its long-duration manned 

mission and simultaneous measurement of the relationship between solar 

activity changes and terrestrial response , will provide us with the insight 

and understanding necessary to model and predict changes in our complex 

but delicate environmental system. It will allow us to more fully under- 

stand our Sun-Earth system. It will place man in a better position from 

which to manage his environment, to plan the use of his resources, and, 

in short, to control his destiny on this planet. 
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